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POPULAR CHEMISTRY. 



INTRODUCTORY. 

IVky is (he scienee ofchemMtry so named f 

Because of its origin from the Arabic, in which lan- 
guage it signifies ^Sie knowledge of the composition 
of bodies." 

The following definitions of chemistry liaye been 
given by some of our best writers: — 

" Chemistry is the study of Ae effects of heat and 
mixture, ^vith the view of discovering their general 
and subordinate laws, and of improving the useful arts." 
—Dr. Black. 

" Chemistry is that science which examines the con- 
stituent parts of bodies, with reference to their nature, 
proportions, and method of combination." — Bergman. 

" Chemistry is that science which treats of those 
events or changes, in namral bodies, which are not ac- 
companied by sensible motions." — Dr. Thompson. 

^*- Chemistry is a science by which we become ac- 
quainted with the intunate and reciprocal action of all 
the bodies in nature upon each other." — Foureroy. 

The four preceding definitions are quoted by Mr. 
Parkes, in his Chemical Cateckisnu 
b2 
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Dr. Johnson (from Arfouthnqt) defines " chemistry" 
as ^ philosophy by fire." 

Mr. Bnmde says **It is the object of chemistry to 
investigate all changes in the constitution of matter, 
whether efifected by heat, mixtm«, or other means."— 
Manual, 3rd edit. 1830. 

Dr. Ure says " Chemistry maybe defined the science 
which investigates the composition of material sub- 
stances, and the permanent changes of constitution 
which their mutual actions produce." — Dictionary, 
edit. 1830. 

Sir Humphry Davy, in his posthumous work,* says, 
" There is nothing more difiicult than a good definition 
of chemistry ; for it is scarcely possible to express, in 
a few words, the abstracted view of an infinite variety 
of facts. Dr. Black has defined chemistry to be that 
science which treats of the changes produced in bodies 
by motions of their ultimate particles or atoms : but 
this definition is hypothetical ; for the ultimate parti- 
cles or atoms are mere creations of the imagination. 
I will give you a definition which will have tlie merit 
of novelty, and which is probably general in its appli- 
cation. Chemistry relates to those operations bij which 
the intimaie nature o^ bodies is changed, or by which they 
ojcquire neto properties. This definition will not only 
apply to the efrects of mixture, but to the phenomena 
of electricity, and, in short, to all the changps which 
do not merely depend upon the motion or division of 
masses of matter." 

Cuvier, in one of a series of lectures, delivered at 
Paris, in the Spring of last year, says " tlie name che- 
mistry, itself, comes fi-om the word chim, which was 
the ancient name of Egypt ;" and he states that mine- 
rals were known to the Egyptians " not only by their 
external characters, biit also by what we at the present 
day call their chemical characters.^^ He also adds, that 
what was afterwards called the Egyptian science, the 

* Consolatious in Travel j or the Last Days of a Philosopher. 1830 
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Hermetic art, the art of transmuting metab, was a mere 
reverie of the middle ages, utterly unknoivn to anti- 
quity. " The pretended books of Hermes are eyidentty 
supposititious, and were written by the Greeks of the 
lower Empire." 

Why is chemistry essentud to man in kis highest state 
ofctdtivaiion^ 

Because every part of his body is covered with the 
products of dlfierent chemical and mechanical arts; 
made not only useful in protecting him from the in- 
clemency of the seasons, but combined in forms of 
beauty and variety ; creating out of the dust of the 
earth, from the clay under his feet, instruments of use 
and ornament; extracting metals from the rude ore, 
and giving to them a hundred different shapes for a 
thousand different purposes ; selecting and improving 
the vegetable productions with which he covers the 
earth ; making the winds carry him on every part of 
the immense ocean ; and compelling the elements of 
air, water, Imd even fire, as it were, to labour for him ; 
concentf^ting in small space materials which act as 
the thunderlK>lt, and directing their energies so as to 
destroy at immense distances; blasting die rock, re- 
moving the mountain, carrying water from the valley 
to the hill, &c. Or, to be more minute, the rendering 
skins insoluble in water, by combining with them the 
astringent principle of certain vegetables, is a chemi- 
cal invention; and without leather, our shoes, our 
carriages, our equipages, would be very ill made: 
the bleaching and dyeing of wool and silk, cotton 
and flax, are chemical processes, and the conver- 
sion of them into different clothes, is a mechanical 
invention ; the working of iron, coj^r^ tin, lead, and 
the other metals, and the combining them in different 
aUoys, by which almost all the instruments necessary 
for the turner, the joiner, the stonemason, the ship- 
builder, and the smith, are made, are chemical inven- 
tioTv jven the press could not bav© «»a^ft^ Vcv «k5 
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mate of perfection without a metallic allov. The cozn- 
hioing of alkali and sand, and certain cliays and flints 
together, to form glass and porcelain, is a chemical 
process ;* the colours which the artist employs to frame 
resemblances of natural objects, or to create combina- 
tions more beautiful than ever existed in nature, are 
derived from chemistry ; — ^in short, in every branch of 
the common and fine arts, in every department of hu- 
man industry, the influence of this science is felt ; and 
we may find in the fiwle of Prometheus taking the 
flame from heaven to animate his man of clay, an em- 
blem of the effects of fire, in its apphcation to chemi- 
cal purposes, in creating the activity and almost the 
life of civil society. — Abridged from " (he Last Days of 
a Philosopher,** by the late Sir Humphry Davy. 

Why may real philosojphers be considered to have 
done much by tiieir oton inventions for the useful arts ? 

Because the chemical or mechanical nmnufacturer 
has merely applied what the pliilosopher has made 
known ; he has merely worked upon the materials fur- 
nished to him. Thus, the chlorine, or oxyihuriatic 
gas, of Scheele, was scarcely known, before it was ap- 
plied by Bertholiet to bleaching ; scarcely was muria- 
tic gas discovered by Priestley, when Guyton de Mor- 
veau used it for destroying contagion. Platinum has 
owed its existence, as a usefid metal, entirely to the 
labours of an illustrious chemical philosopher; look at 
the beautiful yellow aflbrded by one of the new metals, 
chrome ; consider the medical effects of iodine, in some 
of the most painful and disgusting maladies belonging 
to hmnan nature, as cancer and bronchocele. We 

*The improvement! of porcelain in this country, as well as those 
made in Germany and France, have been entirely the result of chemical 
experiments ; the Dresden and the Bivres manufactories have been the 
worlc of men of science ; and it was by multtadying his chemical re- 
searches, tluit Wedgewood was enabled to produce, at so cheap a rate, 
tliose baiuitiftil imitations, which, while thmr surpass the ancient vases 
in solidly and perfection of material, eqoil them in the elessttce, ▼»• 
liety, ana tasteful arranfemeBt of their ibnns. 
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have no historj'^ of the maimer in which iron waa ren- 
dered malleable; but we know that platinum could 
only have been worked by a pereon of the most refined 
chemical resources. — Sir H, Davy, 

Why is the apparatus essential to the modem chemist 
much less bulky and expensive than that used by the an- 
cients ? 

Because an air-pump, an electrical machine, a vol- 
taic battery, (all upon a small sccde) a blowpipe appa- 
ratus, a bellows and forge, a mercurial and water-gas 
appai-atus, cups and basins of platinum and glass, and 
the common re-agents of chemistry, are all that are 
required. All the implements absolutely necessary, 
may be carried in a small trunk ; and some of the best 
and most refined researches of modern chemists, have 
been made by an apparatus which might witli ease be 
contained in a small ti'avelling caiTiage, and the ex- 
j)ense. of wliich is only a few pounds. Chemistiy is 
not injurious to the healtli ; the modem chemist is not 
hke the ancient one, who passed the greater part of his 
time exposed to the heat and smoke of a furnace, and 
the unwholesome vapours of acids and idkalies, and 
other menstinia, of which, for a sin^e experiment, he 
consumed several pounds. — Sir H. Davy, 

ATTRACTION OR AFI^INITT. 

Wiy is our earth a globe ? 

Because of the general attraction by which all its 
paits ai*e drawn towards each other, that is, towards a 
common centre ; by which means the m£Lss assumes 
the spherical or rounded form. 

We have interesting instances of roundness from the 
same cause in minute masses, — as the particles of a 
mist or fog floatmg in air, — there, mutually attracting 
and coalescing into larger di'ops, and then forming 
rain — dew-drops — ^water tiickling on a duck's wing— 
the tear dropping from the cheek — drops of laudanimi 
— ^globules of mercury, like pure silver bead«^<y:j«i!w»s«\% 
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on the dogree of porosity just now explained ; thirdly, 
on the proximity of the atoms in the more solid parts, 
which stand between the pores. As an example of 
the different degrees of density, a cubic inch of lead is 
40 times heavier than the same bulk of cork. — AmoU, 

Why are certain bodies solids 

Because their parts cohere so firmly as to renst im- 
pression. 

Lavoisier has explained solidity thus : — ^ The parti- 
cles of all bodies may be considered as subject to the 
action of two opposite powers, repulsion and attraction, 
between which they remain in equihbrio. So long as 
the attractive force remains stronger, the body must 
continue in a state of solidity ; but i^ on the contrary, 
heat has so &r removed these particles from each 
other, as to place them beyond the sphere of attraction, 
they lose the cohesion which thev before had with 
each other, and the body ceases to be solid. ^ 

Why do blue and yelloto powders, uhen nUxed, form 
a green powder f 

Because of the mere effect arising in the eye Grom 
the intimate mixture of the yellow and blue nght se- 
parately and independently, reflected fi^m the minute 
particles of each ; and the proof is had by examining 
the mixture witli a microscope, when the yellow and 
blue grains will be seen separately andjauite unaltered. 
^J.F.W,Herschel. 

JFhv cannot a similar sepandion be detected in liquid 
green f 

Because of the excessive minuteness of the parts, 
and their perfect intermixture, by agitating the blue 
and yellow liquids together. Jmm USe mixture of two 
powders, extreme patience would enalile any one, by 
picking out with a magnifier ffrain afler grain, to se- 
parate the ingredients. But \^en liquids are mixed, 
no mechanical separation is any longer practicable: 
tlie particles are all so minute as to dudei all search. 
—J.F.W.Herschd. 50 
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Whif do me itse the term specific gravihf io ttpre^^JHf 
rdijtim ivtigid of bodies ? 

Becauise it denotes the weight of tlie jiiatter of wbicl 
any body is compo*«ed, compared witli tlio weight cw 
pure dktilled water, at GO' FaJireDheit, oesurucd as ^ 
st4mdai'd. 

Iflitf is thert a difference in tlie specific gravihf qf dt^ 
fereni bodks '^ \ 

Because one body is larger, or takc^a up more rooi^ 
than aiiodier of the Bauie wei*^ht, when tJie iirst is said 
to be specificaUif lighter thau ilie otiier, and vice vers^ 

The speciiic ^avity of bodies is deuotedj in chemi- 
cal wTilitigSj by comp^ariiiif it witli the specific gravity* 
of pure water, in decunad figures, water liejn^'' alway^ 
considered as LOOQ. Thus ibe s^ptcifir frravihj of the 
stroagest sulphuric acid la 1.850, or nearfy uine tenthi 
hejivier tljEin water. Irou ia 7.650, or more tlian 7i 
tiJues heavier diao water ; tliat is, a cnbie inch of iroiiJ 
if put into a weide, would reqiiirt? 7A iiichei^ to Imlance' 
it; silver Ls 10.478 ; ^old, 19;i00; and platiaum, ii;iOOO, 
or 23 timers heavier timn water. Tbe specific gravity 
of ail bodies is noted in ill e same ivay. — Farkes, . 

}f%V d^ts some stone deemj rapidl^^ alihongh venffuird 
tch€n first dvgjrom ike qunrn} :? 

Because it abounds* w^ith clay, or alnrnine, which,' 
baa so great au aftiuity tor water as to al>sorb luoieture* 
from the atmosphere, and tlius destroy '\\m\t 

Whif ttnll not ail and water mix in a vial upmi hein^ 
violtnilij shaken ? 

Because the water and the oil have no affinitv ibr 
each other ; but if some caustic ammonia be added, 
and the \iid then aiptated, the w4iole will be mixed 
into an amtnoniacal soap. Thin is wlitit is called dis- 
posing a^nt%, or unilirig bodies, which apparently hvLVi 
no tehdeircy to tmite of themselves, by tho addition o; 
another substance. 

Hlt^ do svM needier fi^jfd on water f 

Bccaiiae tlie particles of wat^r cohere amoBg* 
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selves, and the weight of the needles is not sufficient 
to overcome that cohesion. 

Why do a pound of water, and a pound of aaU when 
mtxedj form two pounds of brine, but then occupy much 
less bulk than when separate ? 

Because the atoms of the one are partially received 
into what were vacant spaces in the other. , A similar 
condensation is observed in many other mixtures ; as 
a pound of sugai* in a pound of water. Tin and cop- 
per, melted together to form bronze, occupy less space 
by one fifteenSi, than they do when separate. — Amott. 

Why are a hundred pints of common air to he compress- 
ed into a pint vessel, as in the chamber of an airgun ? 

Because, in aeriform masses, the atoms are very'dis- 
tant, and hence the masses are more easily compressed. 
In tliis case, if the pressure be much ftulher increased, 
the atoms will at last collapse, and form an oily liquid. 
The heat which was contained in such air, and gave 
it its form, is squeezed out in this operation, and be- 
comes sensible all around. — JhmoU, 

Why are liquids said to be saturated ? 

Because they cannot combine vjdth, or take up, more 
than a certain quantity of any solid or aeriform body : 
the point at whicli diis action ceases is saturation: 
thus, water will only take up a certain known weight 
of alum, salt, &c. 

Why is gramtation the first and mjost general cause of 
changes on the earth i 

Because water, raised in vapour by the heat of the 
sun, is precipitated by the cool air in the atmosphere ; 
it is carried down by gravitation to the surface ; and 
gains its mechanical force by this law. — Sir H, Davy. 

Why does the pyramid last longer than other forms ? 

Because it is most fitted to resist the force of gravi- 
tation. 

Why is an apmim/ent never lUeraUy empty f 

Be^LUse, if it offer to view nothing out xS» Ta&s^ 
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walls, it is fhn of sir, just as an open vessel, immened 
in the sea, is full of water; and irair were not allowsd 
to escape from it, even so small a body as an apfde 
could not be pressed into it additionally by leas tanm 
than fifty or sixty pounds. 

ffhy is heat orodueed on slacking quidMne f 

Because of tne violence of the chemical action, and 
the solidification of the water. In this process 68 pans 
of lime solidify 32 parts of water ; but it is remarkable, 
that in making what we call lime-water, 500 parts ot 
water are required to dissolve one part of hme. 

ffliy is it a vulgar error to say quxekAvrnt^ or oU of 
vitriol, bums ^ 

Because they powerfully corrode animal and vege- 
table substances, and become violently hot fi^m tlMir 
comtnnation with water. "They are, therefore, set 
down in vulgar parlance, as substances of a hot na- 
ture ; whereas, in their relations to the phvsical cause 
of heat, they agree with the generality of bodies simi- 
larly constituted." They owe the sensation of heat 
which they excite, to chemical stimulants, and not at 
all to their being actually hot 

Why are not bitter and stoeet essential qualities tfmal' 
ter^ 

Because, as Dr. W. Herschel has recendy discovered, 
the mixing of nitrate of silver with hypo-sulphate of 
soda, both remarkably bitter substances, produces the 
sweetest substance kno^vn. Thus, bitter and sweet, 
as well as sour, appear not to be an essential quality 
in the matter itself, but to depend on the proportions 
of the mixture which composes it. 

CRYSTALLIZATION. 

ffhy do ihefgwes of crystals vary in regularity^ 
Because their regularity is influenced oy the rapid- 
ity of the evaporation : thus, if the process be slowly 
conducted, the particles unite with great regularity; 
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if hurried, the crystals are irresular and confiised. To 
obtain very regular crystals, Uie evaporation must be 
s^ntaneous, or that which takes place at common 
temperature. 

Why is the GianJPa causeway disposed in anguUo 
columns 7 

Because it is supposed that the whole body of the 
rock was once in a state of fluidity, being no other 
than the lava of a burning mountain; that the prodi- 
gious mass cracked in its cooling, into the above forms ; 
that it may since in some measure have been deranged 
by earthquakes; that these have swallowed up the vol- 
cano itself; and that the waters of the neighbouring 
ocean now roll over the place where once it stood. — 
Parkis. 

The most remarkable basalt is the columnar, which 
forms immense masses, composed of columns, thirty, 
forty, or more feet in height, and of enormous thick- 
ness. Those at Fairhead are 250 feet high. The coast 
of Antrim, in Ireland, for the space of three miles in 
length, exhibits a very magnificent variety of colum- 
nar chffs; and the Giant's causeway consists of a point 
of that coast, formed of similar columns, and project- 
ing into the sea for a descent of several hundred feet. 
These colunms are for the most part hexagonal, (or 
six-sided) and fit very accurately together; but most 
frequently not adherent to each other, though water 
cannot penetrate between them. In the Hebrides are 
likewise some vast specimens of basalt. 

Mliy are certain bodies porous^ orfidl of small vacant 
spaces'^ 

Because of the crossing of the constituent crystalline 
needles or plates in bodies. — JimoU, 

Why are crystals mechanically divided only in certain 
directions, so as to afford smooth surfaces 9 

Because, in every crystallized substance, whatever 

60* 
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may be the difTerence of the fisure which may arin 
from modifying circumstances, mere is, in all its ays- 
tals, a prinutive form, the nucleus, as it Mrere, of the 
crystal, invariable in each substance, giTing rise to the 
actually outward existing forms. — Partes. 

Why hu strong salt and toaUr a peUide (or JOsn) m 
Us surface f 

Because the attraction of the saline particleB for each 
other is becoming superior to their attraction for the 
water. This is the common criterion of the fitneoi of 
a solution for crystallization. 

Sir Isaac Newton seems to have had a Yuy clear 
idea of the cause of crystallization. "When," says 
he, ** a liquor saturated with a salt, is evaporated 
to a pellicle, and sufficiently cooled, the salt forma in 
regular crystals Before being collected, the saline 
particles floated in the liquor, equally distant from each 
other ; they acted, therefore, mutually on each other, 
with a force which was equal at equal distances, and 
unequal at unequal distances; so, in virtue of this 
force, they must arrange themselves in an uniform 
manner. " — JVewtorCs Optics, Book iii. 

Whv wQl not salt crystallize token dissolved in a con- 
siderable quanliiy oftoaler ? 

Because the particles of the salt are too far asunder 
to exert reciprocal attraction : in other words, they are 
more powerfully attracted by the water, than by each 
other. — Brande* 

Why does the salt crystallize upon evaporation of part 
of the water f 

Because some of the saline particles tlien gradually 
approach each other, and they will, according to cer- 
tain laws, become regular solids ; another portion of 
the salt will remain dissolved in the water whksh is 
left; this is usually called the mother liquor, or water. 

There is a great variety in the form of crystallized 
■alts, and each salt preserves its own peculiar foxm 
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thus, comzuoQ culinary salt generally crystallizes in 
mnaH tubes, and sulphate of soda in six-sided prisms. 

fFky do etrtain saUa (called frttsxng mixtwres) con- 
fterl water into ice f 

Because, as heat is required to convert solids into 
liquids, it follows, that in cases of sudden liquefaction, 
(as when the salts are dissolved in the water] cold will 
ensue: hence its production during the solution of 
many saline bodies, and hence, also, the explication of 
the thecny of Jreezing mixtures 

The ailificial preparation of ice has occupied much 
of the attention of modem chemists. The most recent 
experiments were made by M. B. Meijlink, who, after 
numerous trials, with different salts, for the purpose of 
converting water contained in a tin vessel into ice, 
during their solution, ultimately gave the preference 
. to a mixture of four ounces of nitrate of ammonia, four 
ounces of sub-carbonate of soda, and four ounces of wa- 
ter. This mixture, in three hours, produced ten ounces 
of ice ; whilst, with the mixture of sulphate of soda and 
muriatic acid, he obtained ice only ailer seven hours. 
— Brande*8 Jounud, 1829. 

Why do many salts, when exposed to the air, effloresce, 
or f auto powder ? 

Because they lose their water of crystallization. 

Why do some salts effl4jresce more than others'^ 

Because some thus completely lose their water; 
while others retain different quantities, according to 
the dryness of the air. 

Why do some salts deliquesce, (or become moist or li- 
quid) hy exposure to the atmosphere ? 

Because they attract water from the atmosphere. 

Why are not salt hoUers mack of cast iron^ 

Because the cast iron would crack by the adhesion 
of the salt 

Why is saU-pelre rdined by sohdion in water^ 

Beouise the rough petre^ as it is called, is always 



w 
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contatninated with muriate of soda and other salts. In < 
order, tlieretbre, to separate tliem, the refiners dissohre 
the wliole in water, and tlien, by boiling tlie solution, 
evaporate a part of die water, and the niuriate of soda, 
&.C, tall dcnvji, while die salt-petre is held in solution, 
Whan the jErre4itesst [ion of diuise aalt^ b tlius separated, 
th€5 remainiug liquor k siid«red to coo!, aud the nitre 
is otjtained lu ciystals. Tiiis process iUusstralws the 
dilierence ivliich there is in the Bolubility of salts.— 
Parktji. 

IVk^ ivas nitre it^ed in tfie cmnposUion of Greek-Jlre ? 

Because it fed or kept alive tlie sulphur, resin, alco- 
hol^ camphor J &-e. of wliicli the lire was also composed, 
hy coiiveyinj^ oxj'gen frojii tlie atmospheric air to th« 
sulphurous g««, aiKi to the siiluhur wliile burning, j 
Into this composititiUjWhen meitficl, woolk'ji cords wero ^ 
dippeil, and rolled uj> for use* Tljese Iml Is* being set 
on fire, were thrown into the tents of tbe eaemy, aod 
na the condittatibles woi*e funi'sked uith a constant 
supply of uKygen from the nitre, nothing could extin- 
guij^b them, 

Jf% will (f lump of alum in a glass of watery assume 
amramiM shttpe in dissolving^) 

Because, at tirst the water acts with so much energy 
as to overcome die cohesion of the solid in everj^ di- 
rection? but, as the particles of tlie aliun become 
imited wdth those of ^he water, the power of the solv-ent" 
diminishes. The particles of wjiter whii^h combine 
first with tbc alum, become heavier by the union, imil 
fall 10 the iNjttom of the glass ; and tlic actjon at the 
lower extrc mity ctrfiscs, before it is complete at dio 
upjx^r. When the action has ne^v temiinated^ if wo 
closely exanune the lump, we shall hnd it covered with 
geometrical figures, cut out, as it wei*e, in relief, upon 
the rnaw-H ; showing, not only tJiat cohesion resists the 
power of solution, but diat, in the prcs^ent instance, it 
reaistii it more in some directions iliat in others ; and 
that when the attratctioti of the solvent is neaily satis- 
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fied, it 18 balanced by that delicate modification of 

cohesion, aix>n which crystalline arrangement depends. 

This experiment beautifully illustrates the opposite 

action of cohesion and repulsion. 
Why is alum used in making candles $ 
Because it gives firmness to the tallow. 
Nitre has very recently been applied to the im^iroved 

{>reparation of candles, by steeping the cotton wick in 
une water, in which is dissolved a considerable quan- 
tity of nitre. By this means is obtained a purer 
flame and a supenor Ught ; a more perfect combustion 
is ensured ; snufiing is rendered nearly as superfluous 
as in wax-lights ; and the candles thus made do not 
run, or waste. The wicks should be thoroughly dry 
before the tallow is put to them. — Brewster^s Journal. 
1829. 

Why is alum used in salt-drying cod-fish, 

Beouise it prevents the salt fi'om dissolving. 

Wh^ is alum used for preparing paper for the pre- 
servatum ofptnpowderf 

Because it prevents the bad effects of damp atmo- 
^heric air upon the powder, and preserves the paper 
from readily taking fire. 

Why are the crystals collected in camphor bottles in 
druggists^ toindows always most copious upon the surface 
tx]^std to the light 7 

jBecause the presence of light considerably influ- 
ences the process of crystallization. Agdn, if we 
place a solution of nitre in a room which has the 
li^t admitted only through a small hole in the win- 
dow-shutter, crystals will form most abundantly upon 
the side of the basin exposed to the aperture through 
which the light enters, and oflen the whole mass of 
crystals will turn towards it. — Brande, 

Why is there rock salt9 

Beouise it is supposed to have been deposited by 
the sea, or by salt lakes drying up, which formerly 
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covered the present contiuents. Salt strata also 
dimiDish in thickness as they rocede from the sea. 
This is perhaps the most obvious hypothesis, biit it 
is liable to many objections, one of which is the enor- 
mous depth of sea water necessary to the productioD 
of a body of rock salt above forty yards in thickness^ 
such as the insulated mountain of rock sah at Cordova, 
in Spain." — JSTotes on Science. 

The salt mines near Cracow, in Poland, which have 
been worked ever since the middle of the thirteenth 
century, contain an inunense store of muriate of soda. 
Eight hundred workmen are employed in them, who 
raise 168,000 quintals of salt annually. Through the 
cnonnous mass of salt, which presents to the eye no 
interruption to its saline texture, and at the depth of 
450 leet, flows a stream of pure, fresh, and transparent 
water, which is received in large troughs, where die 
workmen and horses of these subterraneous regions 
(lueiich their tliiret As it was impossible that this 
spriug could filter through the salt, Nature, who buries 
lier masterpieces in the bowels of the deepest moun- 
tains, has placed in this mass a stratum of clay suffi- 
ciently thick to allow the stream of water, destined to 
refresh the workmen, to pass through it in such a 
manner as to be preserved from the salt, of which a 
small quantity would injure its salubrity. — Parkes, 

A series of ingenious models of the Polish salt mines 
was exhibited in London about two years since. 

fVhy are tJie fiats cut near the sea, mi the Kentish 
coast, caUed salt-pans 9 

Because at high tide they become filled with sea- 
water, which being confined there, the sun evaporates 
it, and leaves salt in the flats, from whence it is laid 
up to dry for use. 

fVhy ii sugar refined by boiling the syrup in a vactmmj 
or pUicefrom which the air has been excluded^ 

Because this, and all other Uquids, are driven off, 
or made to boil at lower degrees of heat when the 
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atmospheric pressure k keeened or removed.' Thus, 
the process for refining sugar is to dissolve impure 
suffar in water, and aner clarifying the solution, to 
bod off or evaporate the water again, that the dry 
crystallized mass may remain. Formerly this evapo- 
raticm was performed under the atmospheric pressure, 
and a beat of 218" or 220° was required to xnake the 
eryrup boil ; by which degree of heat, however, a por- 
tion of the sugar was discoloured and spoiled, and the 
whole product was deteriorated. 

The syrup, during the process in vacuo, is not more 
heated than it would be in a vessel merely exposed to 
a summer sun. The vacuum is produced and main- 
tained by air-pumps driven by a steam engine, or 
otherwise ; or by the direct admission of steam, which, 
alter expelling the air, is condensed into water. — JlmoU, 

By this process more money has been made in a 
shorter time, and with less risk and trouble, than was 
ever perhaps gained from an invention ! 

Why cart the vessels for evaporating or distUling in 
vacuo, generally of arched form f 

Because they require to be strong enough to bear, 
when quite empty, the external atmospheric pressure. 
— *^b7iott. 

Why is sugar-candy crystaJUzed on strings, and ver- 
digris on sticks $ 

Because crystallization is accelerated by introducing 
into the solution a nucleus, or solid body, (like the 
string or stick) upon which the process begins. 

The ornamental alum baskets, whose manu&cture 
■was once so favourite a pursuit of lady-chemistry, 
were made upon this principle; the forms of the 
baskets being determined by wire framework, to which 
the crystals readily adhered. 

Why is sugar-candy sometimes in large and regular 
erwitUsf 

Because the concentrated syrup has been kept for 
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ae^'enl daya and nights vrnd ut mUdf in a very ]ai^ 
temperature ; for, if perfect rest and a temperatora of 
from 120" to 190" be uoc afforded, regular cryatak of 
candy will not be obtained. 

The manufacture of barley-sugar is a ftg»sii»»' ex 
ami^e of crystallization. 'The syrup is evaporatod 
over a slow heat, till it has acquired the proper OOB- 
stBtence, when it is poured on nwetsl to cool, snd wfaa 
nearly so, cut into lengths with sbearsi then twisted, 
and again left to liarden. 

ffliy art tmall, radiant^ and tret4ike crydaOixaiiom 
seen on dirty windows in London ? 

Because of the great number of coal fires in ibt 
metropolis: these crystals (of sulphate of annnionia, or 
at least, sulphite of anunonia, which becomes sulphate 
by exposure to the air) being an abundant product of 
the combustion of coaL — Brands, 

Why do some springs petrify objects by their Jproy t 

Because their water is impregnated oy means of in 
carbonic acid^ with a large portion of caibonata of 
lime, which it deposits on issuing into the air. At 
Clermont, in France, there is such a spring, where 
Mr. Scrope saw the stuffed skins of a horse and a oow, 
birds, fruit, flowers, &c. undergoing this petriQring 
process. Its incrustations have also formed an ele- 
vated natural aqueduct, 240 feet in length, and ter- 
minating in an arch thrown across the stream it oriff- 
inally flowed into, 16 feet high and 12 wide. — Scrtip^i 
Memoir on the Geology of Central IVance. 

Why isfluor spar so called ? 

Because it has the property of increasing the fiio- 
bility of other mineral substtuices. It has alao beeB 
called vitreoiis spar, because when fused it has tfaa 
appearance of glass. 

HSAT. 

Why is heat conndertd one qf the chutf agenU m 
chmnistryf 
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Because its most obvious sources are chiefly referred 
to the general head of chemical combination. Thus, 
fire, or the combustion of inflammable bodies, is no- 
thing more than a violent chemical action attending 
the combination of their ingredients with the oxycen 
of the air. Animal heat, is, in like manner, referable 
to a jKocess bearing no remote analogy to slow com- 
bustion, by which a portion of carb&riy an inflammable 
principle existing in the blood, is united with the 
oxygen of the air in respiration, and thus carried ofi* 
from the system: fermentation is nothing more than 
a decomposition of chemical elements loosely united, 
and their reunion in a more perfect state of combina- 
tion. Friction, as a source of heat, is well known: 
we rub our huids to warm them, and we grease the 
axtos of carriage-wheels to prevent their setting fire to 
the wood. Again, Count Rumford has established 
the eztraordinury fact, than an unlimited supply of 
heat may be derived by friction from the same mate- 
rials.—/. F. W. Herschd. 

Savages light their fires by rubbing two pieces of 
wood: Count Rumford made great quantities of water 
boil, by causing a blunt borer to rub against a mass 
of metal inmiersed in the water ; and Sir Humphry 
Davy quickly melted pieces of ice by rubbing them 
against each other, in a room cooled below the freez- 
ing point. Instances have occurred, where whole 
fi>rests have been burned down by fires kindled from 
the violent friction of the branches against each other 
by the wind. 

Why is a conjectured that there is a difference between 
sohr €md ierreHrial heat^ 

Because the rays of the first pass through glass 
without heating it, while the rays of the latter are 
stopped by the glass, which becomes hot when opposed 
to them. 

fVhy may heat be considered as a power opposed to 
attracmi^ 51 
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Because it tends to separate the paiticleB of bodiei; 
and whenever a body is heated, it is also eiqpandedL— 
Brcmdt, 

JVhy 18 the term ccdoric usedf 

Because it may distiuguisli tlie cause of heat finn 
the Hcusation whicli we call bv the same name ; bat 
the tenns caloric and calorific jlmd seem to iin|ily tbe 
material nature of licat, wmch has not ydt been 
proved. 

IVku is caloric considered a suhUe mtdarioA JiuH Ac 
particles of which mutually repel each other ? 

Jkcaaso this supposition appears to give a plausibk 
explanation of most of the phenomena dependent upon 
heat, as the expansion, fusion, and vauourization of 
bodies, on the idea tliat the particles ot caloric wbea 
interposed between the particles of bodies, in suffictent 
quantity, produce those effects. It is natural to sup- 
iK)se when a body is enlarged in bulk, that the en- 
largcinent is occasioned by the introduction of the 
particles of other matter, by which the particles of the 
expanded body ore repelled to a greater distance from 
one another; and this repulsion becomes so great, in 
consequence of the introduction of a large quantity of 
heat, as to enable the particles of sohd bodies to assome 
the fluid, or aeriform states. 

There are, however, other theories of the nature of 
heat ; but the question remains undetermined ; and it 
is fortimate that most of the phenomena connected 
with the operation of heat, may be explained equally 
well upon either theory. 

Why is heat called laientf 

Because, when heat Uquefies a solid, or conveitB a 
liquid into vapour, the liquid or the vapour i» no 
hotter than the soUd or liquid from which it was pro- 
duced, though a great deal of heat has been expended 
in producing this effect, and has actually entered into 
the substance. Hence it contiliues to exkt in the 
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product, muDtaining it in its new state without in- 
creasing its temperature, and is thus lateTit or 
hidden. This great discovery was made by Dr. 
Black, who further proved, that when the vapour con- 
denses, or the Uquid freezes, this latent heat is again 
given out fit>m it. 

Why does water throvm upon a Jure so potuerftdly 
rqtressiif 

Because of the great quantity of heat latent in 
steam ; — whence, again, why Jire and water are so often 
adduced proverbially as furnishing a striking contrast. 

ffhf does iron become red-hot by hammering ? 

Because of the condensation of the metal by the 
finrce of the blow. Air may also be condensed by 
pressure, so as to set tinder on fire. 

ffhv are inorganic bodies, such as gold, iron, ^c. 
fauna in all parts of the globe $ 

Because they have no direct dependence, in the 
present state of the earth, at least, on the solar heat, 
or its consequences ; whereas organic, or living mat- 
ter, has. 

WPAy does ice, wlien heated, become water; and (he 
water, t^hen heated further, become steam ? 

Because the continued addition of heut gradually 
increases the mutual distance of the constituent 
atoms of the ice, and their cohesive attraction is over- 
come ; till, at length, the atoms are repelled to still 
greater distances, and tb^yjjsstance is converted into 
steam! Abstraction of heat causes return of states 
in the reverse order ; the steam when cooled again, 
becomes water as before, and the water, when cooled, 
beoomesice. 

Why does o,pint of xoater, when converted into steam, 
oeew^ nearfy 9000 times the space qfth^water ? 

Heeiuise die heat merely produces a repulsion 
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amoD^ the particles, and by no means fills up tfa 
interstices. — JkrwM, 

fFhy cart aUr-expansion engines so much mare poisp 
ftd than steamr-engines ? 

Because heat, when used to dilate air, produefl 
about four times the quantity of expansive power tbi 
it does when used to ibrm steam. 

Why is not high-pressure steam issidng Jrom a iofle 
heated perhaps to W0° not hotter (kan louhprtMsm 
steam from a boiler at 212° ? 

Because, in the instant when the high-presBure o 
condensed steam escapes into the air, it expands unti 
balanced by the pressure of the atmosphere ; that if 
imtil it become low-pressure steam, and it is co^ 
by the expansion, as air is cooled on escaping fivii 
any condensation. 

JVhy does not a generator, if cracked when very hoi 
immediately let ovi the vapour or water 'f 

Because the heat repels the water and vapour to i 
certaui distance from the metal, and, idituaily, stopi 
the crack, until the temperature is allowed to ftU 
when the rush of steam by the crack is treihendoufl 
Mr. Perkins, in reasoning upon this effect, says : " Th< 
repulsive power of the heated metal is sufficient tt 
retain the vapour and the water equally distant ; foi 
what else is vapour than water in a state of ex 
pansion ?" 

Why does a Prince Rupert^s Drop fly to potoder oi 
being simply broken 9 

Because it is a lump of glass let fall, while fuaei 
into water, and thereby suddenly cooled and solidifies 
on the outside, before the internal part is chaosed 
then as this at last hardens and would contract, it i 
kept extended by the arch of external crust to whic] 
it coheres. Now, if a portion of the neck of th 
lump be broken off, or if otlier violence be dom 
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whidi jars its substance, the cohesion is destroyed, 
and the whole crumbles to dust with a kind of ex- 
plosion. — ^^moU, 

Why does a loose Uadder, tied at the mouthy and held 
htfort a fire^ gradually swell and aj^ear fidly inflated? 
Because die small quantity of au* contained in the 
bladder is then so much dilated by the heat, that it 
occupies a conaderably increased space, and fills the 
Madder, of which it before occupied only a small 
part. 

Why does change of temperature retard or hasten the 
decomposition of dead vegetable and animal substances ? 
Because the functions of life bring into combination, 
to form the curious textures of organic or Dving bodies, 
chiefly four substances, viz. carbon^ or coal ; the m- 
gredlents of water,oroa:^g'enand hydrogen; and lasdy, 
nitrogen ; — which substances, when in the proportions 
found in such bodies, have but slight attraction for 
each other, and all of which, except the carbon^ 
usually exist as ah-s. Their connexion, therefore, is 
easily subverted, and particularly by a slight change 
of temperature, which either so weakens their mutual 
hokl as to allow new arrangements to be formed, or 
altogether disengages the more volatile of them. — 
Amott, 

Why is iron preserved from rust by dipping it when 
at a miU red heat, into water, and then into linseed oil 9 

Because the first part of the process firees it from the 
scales and extraneous matter, and the remaining heat 
disposes it to receive the oil, which forms a varnish, 
and filling up all the minute interstices of the surface, 
prevents any rust. 

Why do docks and watches vary in their rate of going? 

Because of the expansion and contraction of tne 

metals of which they are constructed. Thus, in regu* 

li^ng the length of the second's pendulum, an exact 

acquaintance with the dilatation of metals, is essen- 

51* 
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tial: forwlieDdiebobisletdown^huiidradlliiMtlt 
an indiy the dock kMes ten aeeoiidi ia twmif4m 
hours; hence, a thousandth part of an faieh wiU ctm 
it to loae one aeoond per dvf , and a change ai-Wm 
peratiue equal to 30^ of Fahrenheit wifl nlisr I 
length about one five thousandth part, and ocosfriodfl 
error in the rate of going, of ei^t aeoQnda p«r dn 
Variations of temperature also oecaakw varialiQiia i 
the balance-wheels of watches, which are obviated 1; 
various compensating apparatus. 

fVhf does a compensation baiance prevtni fte ^/jki 
of expansion or conbtuiion f 

Because it consists of interrupted concentric ring 
of difierent metals, joined together, so that the eaapm 
toon of one counteracts the expansion of the otiMr. 

Why do the iron hoops qfbrewert^ catkM hind mft jm 
grtatforct^ 

Because those which are at first made too small t 
fit, are heated until they are sufficiently enlarged 
they are then driven on, and suddenly cooled, b 
throwing water upon them; the contraction of di 
iron which ensues on cooling, bringing the parte o 
the vessels in closer contact than they could easily li 
brouffht by other means, and fixes the hoops finnl 
round them. 

Why does hay,if stacked when damp, take Jlref 

Because the moisture elevates the temperatun^ aul 
ficiendy to produce putrefiiction, and the eQanfai 
chemiciBd acuan causes sufficient heat to continue th 
process ; the (quantity of matter being also great, lii 
neat is proportional. 

Why are concave mirrors employed as bummg-gfam 
ct? 

Because the^ collect the heat of the sun^ rays flen 
the iHiiole of its surftce to a sinrie point, thus aocu 
mulating a ver^ great degree^h^ for the coni 
buition and iliMon of various natural substances, tin 
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are fusible in the greatest heat capable of being 
ptoduced from ordinary fire. By this means, Drs. 
barris and Desaugliers melted a silver sijqience in 
seven seconds and a half; a copper halfpenny melted 
in sixteen seconds, and liquefied in thirty-four seconds : 
tin was melted in three seconds; and a diamond 
weighing four grains, lost seren-eighths of its weight 
Bum>Q also, with the faint rays of the sun in the 
mouth of March, set on fire ])oards of beech-wood at 
a huudred and fifty feet distance ; and at another 
time, silver was thus fused at fifly feet distance. 

Jfhf are not ^ iryiammabU^ and " combustible^ sy- 
notwmous terms 7 

iSecause all metals are combustible ; that is, capable 
of iguitinff with oxygen: but they will not bum in 
atmospheric air, and are therefore not called infiam- 
mable. 

Why does the thermometer enable us to ascetiam de' 
grees of heat 7 

Because the fiuld ascends in the tube on being ex- 
panded by heat, and thus marks the degree. 

Why is mercury preferred in thermometers ? 

Because the range of temperature between its 
fineezing and boiling points is very considerable ; and 
its expansion withui that range, tolerably equable. — 
Branae, 

Why have thermometers freezing and boiling points 7 

Because they denote the ]K)iuts in the tube at 
which the mercurial column stands when cooled to the 
freezing, and heated to tlie boiling, of water. For this 
purpose, the instrument is immersed in melting ice or 
now, and pennitted to remain there for some time, 
until the quicksilver becomes stationary at one place, 
which is the freezing point ; a mark is made at that 
point upon the glass. If the instrument remains for 
some tune in boiling water, the mercury afler having 
aacended through a large proportion of the tube<^\;^- 
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comes stannary at one place which is the hoQmg 
point. It is bebeved that Fahrenheit took his zero^ or 
commencement of his scale from the degree of cold 

Eroduced by mixing snow and coomion aak; dMC 
eing the greatest desrce of cold known in Ub tfane; 
although a consider^ly greater degree of cold nmf 
be produced by mixing the same or other ingre^toiHL 
tVhjf does Reaumuj's ihermomdtr differ from IkA- 
renhciCsf 

Because Reaumur divides the space between the 
boiling and freezing points into 80 degrees, placiDg 
zero at freezing, and the SOth degree at the DoiliDg 
point j 

Fahrenheit divides the same space into 180 de- I 
grees ; but the cipher (0) he places 32 degrees below 
3ie freezing point (the cold of a mixture of snow and 
common salt) so Uiat the freezing point is at 32*^ and 
the boiling point at 212*. 

Reaumur 80=')180° Fahrenheit 

24"^ of Fahrenheit— equal to !• 
of Reaumur. 

Plus 20° of Reaumur is 20° multiplied by 2lao45 
add 32°=77° of Fahrenheit 

ffhy are spirit thermometers prefercMe for meoMUT' 
ingvery low temperatures^ 

Because spirit never freezes, whereas the \o\9 tem- 
perature at which it boils, renders it unfit for measuring 
nigh temperatures. 

Why do does and other animals put out thtir long 
moist tongues in hot weather^ 

Because, when much heated, they cannot throw off 
or diminish their natural covering, and have only the 
above means of increasing the evaporation from their 
bodies. 

Why J in the Arctic Regions^ are the wakry pcaU qf 
hrandy frozen, while a very smcdl quantity of strong 
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Spirit is left in the fluid state tn the interior of the 
metssf 

Because the cohesion of the pai*dcles of water is so 
much more increased by the cold than that of the par- 
ticles of the spirit. 

Why is a pyrometer so called 9 

Because of its origin from two Greek words sig- 
nifying meastire of fire ; it being used to ascertain the 
degrees of heat in high temperatures, and including a 
range of nearly 32,000 degrees of Fahrenheit 

Why does metal feel cold when touched'^ 

Because it readily carries off the heat of the body ; 
all metals being good conductors of heat. 

Why are certain bodies called good and bad conduC' 
tors of heat f 

Because, when exposed to the same source of heat, 
they suffer it to pass through them with different de- 
grees of velocity; or they have various conducting 
powers with regard to heat. Good conductors, when 
touched, occasion a greater sensation of heat and cold 
than bad ones. When the body feels cold, tlie caloric 
is pafssing out of it into the neighbouring object : when 
the body feels warm, it is receiving heat. 

Whif are persons enabled to remain in a heated wen^ 
teherem meat is baking 7 

Because of tlie rarity of the air, its weak conducting 
power, and its small capacity for caloric, which explain 
how a pei'son can exist in so warm an atmosphere. 
The wool dresses which persons usually wear on such 
occasions, are also bad conductors of heat 

Sir C. Bla^den, secretary to the Royal Society about 
thirty yeai*s since, remained, accompanied by a female 
dog, during eight minutes, in an oven heated to 100** 
of Reaumur, SO*^ above the point at which water boils ; 
water, although covered with oil, boiled close to him ; 
and in thirteen minutes, the hot air beinff concentrated 
by a pair of bellows, some beef was dressed in the 
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same place. Two French acadeinicians, of the ImC 
century, saw at Larochefoucault a nian, who, from 
habit, supported during ten minutes the heat of an 
oven, in which fruits and meats were cooked ; tfwy 
found the heat to l)e 112'' of Reaiunur, 32*^ above that 
of boiling water. The rarity of the air, ita weak con- 
ductinff power, and its small capacity for caloric, serva 
to exptam how a person can exist in so warm an at- 
mosphere. It is by its action upon the skin, and the 
consequences which ensue from that, that fire becomM 
kijurious. Now the ** Fire King," who exhibited him- 
self in London last spring, was wrapped up in wide 
pantaloons, of red wool, a loose mantle also of wool, 
and wore on his head a great quilted felt cap; and 
the wool being a bad conductor of heat, this wonder- 
working genius should awaken the astonishment of the 
ignorant alone. 

fVliy are porous or spongy svhstances, as fudha% 
fleecy maiter, fyc, had conductors of heat'} 

Because, in great measure, of the quantity of air 
which they have in their structure ; air being, probably, 
the worst conductor known, that is, the substance 
which, when at rest, impedes the passage of heat the 
most. — »^moU, 

Why does a drop of water roll about on a red-hot 
iron without evaporation ? 

Because its surface becomes so highly polished as 
to reflect all the heat. If the heat bo less, the water 
penetrates the pores of the oxidated iron, and losing 
Its polish is evaporated. 

fVhy is water frozen in a vessel from which the air 
has been pumped out, and which contains bodies fhat 
quickly absorb its vapours ? 

Because the evaporation of the water is thus acce* 
lerated — ^the heat required for the conversion of one 
portion of the water into vapour, being taken from the 
other portion, which is thus reduced to ice. 
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Jflty is soft andiabbymeat wnfiifor cooking^ 

Because, after the rigidity has totally ceased, animal 
flesh soon experiences the commencement of those 
chemical changes which terminate in putre&ction. 

ffJiy do confectioners mdt ice tvUh common «att? 

Because they thus produce cold much greater than 
that of the original ice. 

Why do not springs freeze ? 

Because the earth conducts cold or heat but slowly, 
and the most intense frosts penetrate but a few inches 
into it ; the temperature of the ground, a few feet be- 
low its surface, is nearly the same all the world over. — 
Amott, 

Why are many of the gothic halls and cathedrals cool 
in summer and warm in winter ? 

Because, in proportion as buildings are massive, they 
acquire more of those qualities, which have just been 
noticed, of oui* mother>earth. — Amott. 

Why is the degree of cold greater the fariker we re- 
move from Hve eoMs surfoA^e ? 

Because the air is not heated immediately by the 
rays of the sun passing through it ; but on their meet- 
ing with an opaque (or dense) body, as the earth, their 
heat is elicited, and thence gradually communicated 
to the surroundipg atmosphere. 

In ^vinter, the earth, at eighteen mches depth, is 
warmer than the air ; in summer, the air is warmer 
than the earth at that depth : these effects are owing . 
to the earth being a bad conductor of heat. — Parkes, 

Why do the Swiss peasants^ when they wish to sow 
(heir seed* spread Uack doth on the siafaee of (he 
snow*? 

Because it may absorb tlie sun*s rays, and facilitate 
the melting of the snow. Dr. FrankUn, to exemplify 
the effect of the different colours in absorbing heat, 
covered snow with pieces of cloth of different coloun^ 
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It a time when the sun wis Maiag ftiDj upon Ac 
■WW. Having done m, he obwired that dw now 
imfler the blai*k cloth wua melted first, then ♦!*■» nmW 
the blue, then under the broupii, whilst that under tk 
white cloth waa ven' inconsiderably melted. 

HTi^ art tke heights of mmmtams caieulaied kg Ac : 
ieniveraturt at whiM waUr boHs ypon iheirsmmauiBf 

Because, if we diminish atmospheric projeure, ire 
lower the boiling point. Thus, water, under mean ^ 
moepheric pressure of 30 inched of mercunr, boik ioi 
metallic vessel at 21*2^. At the top of Alont BkuK^ 
Saussure found tliat it boiled at 187^, from the aimoe- 
phere being less dense there than below. 

PFhy is the air icarm in misttf or rainy weather 7 

Because of the libcratiou ot the latent heat firom the 
precipitated ^'apour. 

fvky is heated air thinner or lighter than cold air J I 

Because it is a property of heat to expand all bodies; 
or rather we should say, that we call air hot or ooU, 
according as it naturally is more or less expanded. 

Why is a tremidous motion observable over 

pots, and slated roofs which have been heated hv 
tun'} 

Because the warm air rises, and its refracting ^ 

being less than that of the colder air, the currents are 
rendered visible by tljc distortion of objects viewed 
through them. 

WiSiin doors, a similar example occurs aboye the 
foot-lights of tlio stage of a theatre ; the flune of a 
candle, or the smoke of a lamp. 

Why am (he gas chandeliers in ovr theatres ptacea 
under a large funnel ? 

Because the funnel, by passing through the roof Into 
the outer air, oi>erateB as a very powerful ventilatorf 
tht heat and smoke passing off with a large proportion 
of the air of the house. 



POPULAR CHEMISTRY. S& 

The ventilation of rooms and buildings can only be 
perfectly effected, by suffering the heated and fbid air 
to pass off through apertures m the ceiling, while fresh. 
air, of any desired temperature, is admitted from below. 
— Brandt. 

Why is ^atmosphere of theatres, and other crowded 
places, prejtuHcial to health ? 

Because it has been found, that in a theatre, from 
the commencement to the end of the play, oxygen or 
vital air is diminished in the proportion of from 21 to 
27, or nearly one-fourth, and is in the same proportion 
less tit for respiration than before. — Lavoisier, 

ffliy are divir^-bells restricted in their descent to 
ten or twelve fathrnns"/ 

Because of the density, and more especially the 
heat, of the air, although renewed by forcing pumps, 
becoming insupportable. 

Ifhy does the bark of trees resemMe clothing f 

Because it allows the heat to pass from the tree but 
slowly, and secures, therefoie, the temperature neces- 
sary to vegetable life. 

That caloric is as necessary for the support of vege- 
table as it is for that of animal life, may be proved by 
direct experiment. If, in the middle of winter, a bote 
be bored in a tree, and a thei'mometer put into it, it 
wiD be seen that the tree is many degrees warmer than 
the atmosphere. , 

Why does the effect of wind, or motion of the anTj 
quicken evaporation^ 

Because it removes air saturated with the moisture, 
and substitutes air which is not, thus [nroducing neariy 
th« case of the substance placed in a vacuum. 

Why do liquids evaporate neither so rapidly nor to 
greatly in air, as in a vacuum"^ 

Because the presence of the air impedes the spread- 
ing fit)m the hquid surface of the newly-formed vi- 
pour, and keeps it where its pressure tee^s^ \!&A^Ta«bi> 
52 
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tion of more vapour; and, -because the air in ooolKt 
with a liquid, aljoris its higher temperature with tbi 
Hqiii<i. St ill, ill IiMlia, flat dishes of water, plawd 
thrnii^di ilji* ni«yrljT on Iwds of twiijs and straw, kfjt] 
WTt, luul ill a funvijt of air, ^wm rvhiliit thin cakwiof ] 
ii'i- — iind thus ice is pro^^un'd in Indi% tor purposes d 

iVhif do hmkd sea-aamt and soda farm glass f 

Because, by healing tht' niixtun^ the cohesUm of 
the parti«:les of par h Kulistarirc to those of its own kiid 
is m tlinjitiLsljed, that iIh* mutual aruactions of the two 
siilistancegi rom« into piny, melt together, and unBB 
cheiiLically into the beautiful com{K>iii)d called |^ 

M^htf is sand used in glass ? 

Beeatise it sservTs tor stone; it lieing said, that iD 
white trausparPBt Moiiee which will not burn to Ijibi 
are i\l to make jajlasa* 

H'hy do cracked glass vt8sds allow liquors lo mtf§t 
mart ar Itss ? - 

Because of the varioua fissures, which are &mt^ 
ffuiahed into four kiiidit. The fii-st are such, that lli» 
C<|nkl contained in the hroken vci^^^t'l e8roj>es thrOt]|;|l 
them into the air. The seccmd are sueh as retain iB* 
hquid, unless t!ie vei^ml iW immersed in water, of b 
siniilar fluid, mid then the levels of the two portions of 
the Huid, tend to approach eaeli <>ther. The tliird are 
not permeahle, (or, lo lie passed through) unless ibe 
fluids on opposite sides have a chcrniral arijon on enct 
other: this ia alno the eftect produced by tlie mem- 
brane of tlie bladder. The fourth kind are so fin^ 
that no fluid passes, except in a sini^le case. — jFYacfter* 

Jf 'ft V is Jine tedtk^gtass very liable to wear tmd iftK 
mage? 

Because of die great quantity of oxide of leml which 
it contiiins, to give it more density and refractive 
power. lt« disadvantages are extr*fme soflneEn^ great 
fusibility, and liability to be corroded by 



mem^ greai i 
' acids, A | 



POPULAR CHEMISTRT. 95 

considerable quantity of tins oxide is contained in thot 
g^ass used for lustres, for aitificial gems, and for most 
optical purposes. The superior appear^nee of Gui- 
nand's Swiss flint-glass is atuibuted to the quantity of 
oxide of lead which it contains. 

ELECTRICITY. 

Whij is electricity so called ? 

Because of its origin from electron^ the Greek name 
of amber, — ^the phenomena displayed by rubbing a 
piece of amber, being the first physical fact recorded 
in the history of science. 

Electricity ujvestigates tlie attractions and repul- 
sions, the emission of light and explosions, which are 
produced not only by the friction of vitreous, resinous, 
and metallic surfaces, but by the heating, cooling, eva- 
poration, and mutual contact of a vast number of 
bodies. 

Why are certain bodies caUed conductors of eUdn- 

iJecause tliey suffer electricity to pass through their 
substance. The metals are all conductors ; according 
to Mr. Harris, {Phil, Trans, 1827) silver and copper 
are the best conductoi-s ; then gold, zinc, and platinum, 
iron, tin, and lead. WeU burned charcoal and plum- 
bago also conduct. 

rVhy are other bodies called non-condvLctors ? 

Because they only receive electricity upon the spo 
touched. Dry air, glass, sulphur, resins, and oils, are 
non-conductors. Water, damp wood, spirit of wine, 
damp air, some oils, and most animals and plants, are 
iinperfisct conductoi-s. 

Why have different bodies various conducting powers 
fir dectriciiy 2^ 

Because their degree depends on the quantity of 
electricity which traverses them ; so that of two con- 
ducting bodies, that which is the best for one electric 
euEVBD^ may be the worst for either a stronger or a 
• current — Professor DeUuive^ of Geneviu 
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Why are the phenomena of electricity called negative 
and positive^ 

Because, Franklin, observing that the same electri- 
city was not inherent in the same body, but that glass 
sometimes exhibited the same phenomena as wax, and 
wax as glass, inste^id of regarding the phenomena as 
dependent upon two electric fluid^ referred them to 
the presence of one fluid, in excess in some cases, and 
deficient in others. To represent these states, he used 
the terms pltis and minusj positive and negative. Thus, 
when glass is rubbed with silk, a portion of electricity 
leaves the silk and enters the glass ; it becomes positive, 
therefore, and tlie silk negative : but when sealing-virax 
is rubbed with flannel, the wax loses and the flannel 
gains ; the former, therefore, is negative, and tlie latter 
positive. All bodies in nature are thus regarded as 
containing the electric fluid ; and when its equilibrium 
is disturbed, they exhibit the phenomena just des- 
cribed. — Brande. 

Why does an electrical machine produce flashes and 
sparks of light, when the plate or cylinder is turned^ 

Because, it is conjectured, of the sudden compres- 
sion of the air, or medium, through which the electri- 
city passes : it is, probably, always attended by a pro- 
portionate elevation of temperature, as is shown by the 
power of the spark to influence spirits of vrine, fulmi- 
nating silver, and other easily inflammable compounds. 
— Brande. 

ffliy wUl a feather adhere to rvibhed or excited sealing' 
toax, and then fall off? 

Because it is attracted by, and remains in contact 
with, the wax, till it has acquired its electricity, when 
it will be repelled, and in that state of repidsLon, it 
will be attracted by an excited glass tube. 

Why does the appearance of electric fire varyf 

Because of the different density of the mediiim 
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through which it passes. Thus, in common air, short 
sparks are straight, or nearly so, and long ones zig-zag ; 
the former are brilliant, especially at their extremities, 
the latter usually of a paler or redder hue. In con- 
densed air, the electric spark is bright and white ; in 
rariiied air it is of a reddish tinge, and faint and 
divided ; in the more perfect vacuum of a good air- 
pump, it is of a purplish hue, and only visible in a 
dark room. In the most perfect vacua which can be 
obtained, it is scarcely visible, and of a greenish tint 
In different gases the electric spark appears most bril- 
liant in those which are most dense ; in hydrogen gas 
it is faint and red ; in carbonic acid it is vivid and 
white. — Brandt, 

Why is the dedrical shock produced at the joints of 
the JingerSf the dbmoSy slwvlders, and chest, hy holding 
the discharger of a Ley den phial ? 

Because there is an accumulation of electricity 
within the phial, which consists of a thin glass jar, 
coated intemaUy and externally with tin-foil, to within 
a short distance of its mouth. When the inner sur- 
fece is rendered positive by union with the conductor 
of the electrical machine, the exterior, being connect- 
ed with the ground, becomes negative by vicinity or 
position. When the inner and outer surfaces are 
united by a conductor, all electrical accumulation is 
annihilated by a powerful spark, and the two opposite 
stated are found to have been precisely equivalent. 
Metallic wires, with balls at their ends, bent or jointed, 
and fixed to a glass handle, are generally used to 
transfer the electric charge, and these instruments are 
called dischargers, A pane of glass, coated upon both 
ades to withm an inch of its edges, with tin-foil, 
exhibits precisely the same phenomena as the phial ; 
but it is a less convenient form of the apparatus. — 
jB tond e* 

ffhf does (he aura (or ivind of an eUctricaL mocftme) 
Mpw ovi a candle 7 52* 
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Because of the rapid succession of the electrified air. 
This effect is felt upon holding the^iand near the 
point of a wire affixed to the conductori wiien a pecu- 
liar coldness is perceived. It commiuiicates motion 
to light hodies, as is seen in electrical fly-wkeels, and 
in models of mills, orreries, and other amusing electro^ 
mechanical apparatus. 

Why is an arrangement of several Leyden jars eaUed 
an electrical battery ? 

Because by a communication existing between aU 
their interior coatings, their exterior being also united, 
they may be charged and discharged as one jar. 

The discharge of the battery is atteuded by a con- 
siderable report, and if it be passed tlirough small 
animals, it instantly kills them ; if through fine me- 
tallic wires, they are ignited, melted, and biimed; 
and gunpowder, cotton sprinkled with powdered rean^ 
and a vaijety of other combustibles, may be inflamed 
by the same means. 

Why is li^ht prodiLced in the empty part of a hctnh 
meter tube^ token it is shaken in a dark room ? 

Because the glass becomes electrified by the fiio* 
tion of the mercury. Even the friction of air upon 
glass is atteuded by electrical excitation : for it has been 
found, that by blowing upon a dry plate of gloss, with 
a pair of beUows, it acqmred positive electricity. 

Why is a plate of zinc, when brought into contact wWi 
one of copper, or sUver, found, after removal, to be poti* 
tively dectricid, and the silver or copper left in the oppih 
site state ? 

Because of the electrical excitation by contact of the 
different metals, the most oxidizable (liable to rust) me' 
tai being always positive in relation to the least oz« 
idizable metal, which is negative ; and the more oppo- 
site the metals in these respects, the greater the elec- 
trical excitation; and if the metals be placed in the 
following order, each will become positive by the con* 
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tact of that which precedes it, and negative by the con- 
tact of that which follows it , and the greatest effect 
will result ftom the contact of the most distant metals. 

Platmum 

Gold, 

Silver, 

Mercury, 

Copper, 

Iron, 

Tin, 

Lead, 

Zinc. 

Why are hrass cocks in leaden cisterns corroded at 
ihehmdionf 

Because of the chemical effects of the contact of 
the metals. In like manner, the places where solder 
is applied are liable to depositions from the water. 
Iron railings are apt to be decayed and dissolved, 
where lead is used to fix them in stone cavities ; and 
where iron is employed in fixing a bronze stame, my 
friend Mr. Chantrey (observes Mr. Brande) informs 
me that it prevents the acquisition of the desirable 
green rust 

ffhy Juwe copper been svhstituted for iron nails and 
pins in fastening sheets of copper to ships'' bottoms ? 

Because the galvanic action produced by the union 
of the two metals, iron and copper, was a great cause 
of destruction; and copper nails and pins, although 
not so strong, are not attended with the same incon- 
venience. 

The last experiments which engaged Sir Humphry 
Davy's attention to any extent, were on this application 
of electrical combinations, for the purpose of preserv- 
ing the copper sheathing of ships' bottoms. To this 
Bumect Sir Humphry Davy gave much of his time, 
and personally inspected all the boats and vessels 
<m which the trials were made. Although the theory 
upon which they were conducted proved eminently 
ooirect, no advantage could be ultimately taken of the 
plans which it suggested. The saving of the copper 
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vnm wholly coiiuterbalaiiced by an accumulation o| 
sln^l-fish aod sea- weed ou tlie sheathing, whi^h becarad 
flufficieni, in a short limej to prevent Uie jiropcir com* 
niand of the eliip at llui helm* i 

ffkv is dccirititif {tupposed to consist in a rare, »uh^ 
and h^Mtf f laslw fluid f 

Becnus^e a fluid of this kind, when accimmlated il 
excess in bodies, tends com stoutly to escape, and seek 
a restoration of equilil>num by eoiuiMunicating itsetf 
to any otliei^ where diere may be a deliciency j tbu^ 
hi its icudeney to expand and ilitlijsfi itself, pcrvadinj 
with tnort: or less facility tlie subatance of conductoifl^ 
but otistrueted and detuined fmm exjiansion more of 
ie\m completely by n on -conductors. It also appcan( 
that aU electrical phenomena are explicable on tliif 
Bupposition. 

W^kif is aniniat ef«dn>% also called galvanism ? j 

Because of its diincovery by Golvani, by the accidental 
euBpensioo of recently killed frogs, by copper hooks, to 
the iron paUsadea of fiid garcb'n, when he observed con- 
Tulfiive movements in the limbg of the aiiiMialft, whichj 
no kno^^Ti principle could explain. Galvani, at Ierigtl%j 
ascribed these mu«<^ukir movements to a series of diM 
charges of & peculiar electricity, hdu rent and innatj 
in living bemgs. ii 

fflijf itfere the pheiiomena just mentiamdy called Kof- 
tftic ekctneiti/f 

Because t^olta proved that tbcy proceeded firom the 
contact of the two disBirnihir jnetalH (of tlie hooks and 
palisades) copper and iron, prt»di icing giich a disturb- 
ance of the elec-tririil cquilibritun as was sufficient 10 
affect the most delicattj of all electroscopes, (irieasure»i 
of elecitricity) the irritability of a newly-kdled frog! 
tl^iough it was msc^nsible to every electroscope of human 
construction. Galvatu, however, prm ed that muscu- 
lar convnltfions could l:w produced iu the hmbs of deadj 
&o^ altogether independent of memls. 
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Galranlsm has of late years given birth to improve- 
ments that have changed the face of chemical phi- 
losophv. One of its most brilhant results is mus 
beautifully illustrated in a Treatise "on the olijects, 
advantages, and pleasures of science," attributed to the 
present Lord Chancellor: — "It is to the results of the 
remark accidentally made upon the twitching in the 
frog's legs, not, however, hastily dismissed and for- 
gotten, but treasured up and pursued through many an 
elaborate experiment and calculation, that we owe our 
acquaintance with the extraordinaiy metal, liquid-like 
mercury, lighter than water, and more inflammable 
than phosphorus, which forms, when it bums, by mere 
exposure to the air, one of the salts best known in 
commerce, and the principal ingredient in saltpetre.'' 

Why toas the VoUaic pile first constructed^ 

Because a slender rod of silver and of zinc, touch- 
ing each other at one of their ends, and at the other 
brought into contact with the nerve and muscle, or 
spine and toes of a dead frog, having excited powerful 
convulsions, it occurred to Volta that a repetition, on 
a more extended surface, of that smiple series of two 
metals and moisture, might produce a combined effect, 
capable of being felt by the htmian hand. Hence, he 
constructed, by regular alternations of silver, zinc, and 
moistened clotli or pasteboard, in a columnar form, 
the electro-chemical pile and battery. The best fonn 
of the Voltaic instrument is, however, that of a trough 
of earthenware, with divisions of the same material, 
(to be filled with dilute acid) ; and the metallic plates 
are attached to a bar of wood, so that they can be 
immersed and removed at one operation. Such is 
the great apparatus of the Royal Institution, the most 
powerful battery yet constructed in dectro-chtndr.al 
xidtnsiiy. The whole surface is 128,000 square inches. 

Mr. repys likewise constructed a battery of 3000 
plates for the London Institution; and Mr. Children 
constructed a vast apparatis, the ^^Xsa ^i ^Xm^ 
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were two feet eight inches wide, and mx, feet luf^ 
They were fastened to a beam siupended fay caaatBt 
IxiiKes from tlic ceiling of Iiis laboratory^ so as to bi 
easily immrrsed into, or withdra^vn fironiy the oeDiaf 
the acid. — Brandt. 

There are six great eras in deetnHcktimeid sewm: 
— 1. Its first discovery by Galvani. 2. Voha'a diaeo* 
ver\' of the contact of dissimilar metals disturbiDglli 
electric equilibriuui. 3. Volta's invention of the pik. 
4. The chemical power of this instrument first ofaserr- 
ed by Messrs. Carlisle and Nicholson, in the decompo- 
sition of water. 5. The identity of these chemieil 
effects with those producible by commoa electriotfi 
first discovered and demonstrated by Dr. WoUaaloD. 
And, lastly, the general laws of electro-chemical dfr 
coni|>osition and transfer, revealed by Sir Humphry 
Davy in a series of memoirs equally remarkable fx 
genius and industry. — Ure. 

Why is electricity continually active in nature ? 

Because general changes in the fonii and consti- 
tution of matter, are connected witli its electrical 
states. 

fVhy does it lighten? 

Ik'cause of the accmnulation of electricity in the 
clouds: hence it is, in philosophical parlance, called 
th(; electric JluicL 

The discharge of electricity in a thunder-storm, is 
sometimes only from cloud to cloud ; sometimes from 
the eartli to the clouds; and sometimes from the 
(!louds to tlie eaith, as one or other may be positive or 
negative. When aqueous vapour is condensed, the 
clouds formed are usually more or less electrical ; and 
the earth below them being brought into an opposits 
state, a discharge takes place when the clouds ap- 
proach witliin a certain distance, constituting UgM" 
ning, — Brande. 

}Vhy does it thunder ? 

Because of the undulation of the air. nroduced bjr 
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the electric discharge just raeutioned ; thunder being 
more or less intense, and of longer or shorter duration, 
according to the quantity of air acted upon, and the 
distance of the place where the report is heard from 
the point of the discharge. 

Mr. Brande, from whom we quote this explanation, 
gives a further illustration of this idea: — "Electrical 
ef^tB take place in no sensible time: it has been 
found that a discharge through a circuit of four miles 
is instantaneous; but sound moves at the rate of about 
twelve miles in a minute. Now, supposing the light- 
ning to pass through a space of some miles, the explo- 
non will be first heard from the point of the air 
agitated, nearest to the spectator; it will gradually 
come €rom the more distant parts of the electricity, 
and, last of all, will be heard from the remote extre- 
mity : and the different degrees of the agitation of the 
air, and likewise the difference of the distance, will 
account for the different intensities of the sound, and 
its apparent reverberations and changes." 

Sir H. Davy, in his Elements, says : " In a violent 
thunder-storm, when the sound instantly succeeds the 
flash, the persons who witness the circumstance are in 
some danger ; when the interval is a quarter of a mi- 
nute, they are seciu*e." 

Why care pointed conductors fixed as safeguards to 
buildings'} 

Because the fluid or lightoing may be attracted and 
circulated along them, and thus kept from injuring 
die building, tiB at length it reaches the earth as a 
common reservoir. 

In these cases, the conducting rod or rods should be 
of copper or iron, and from half to three-fourths of an 
inch in diameter. Its upper end should be elevated 
three or fbiu* feet above the highest part of the build- 
ing, and all the metallic parts of the roof should be 
connected with the rod, which should be perfectiy con- 
tinuoua throughout, and passing down the evde oC \K^ 
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peiioCnito sBTcnJ nwt bdow Ifli- 
80 oi always to bvtamened in a 1 
or, if poflBible, into^jratar* The 
attached to houaea lOflm mi^ be made to 
purpose of condu( 
to resiat fusion. — r 

Thema^QJficenteflfeclaofelectriciqrintlie 

storm, were first experimentally danonfltmied by ft 
Franklin, whose whole life was paaa * * « - 

the condition of his fellow creatureaL 

Why is the Jbttide an unm^ piaee w 41 
9torm7 

Because the carbonaceous matter^ or aool^ 
wliich the chinmey is lined, acts as a ^mtdiMfipr k 
the lightning. 

fFhy is ihe middle of an cqparkneni Ac 9q^ ^ 
during a thimder'Storm 7 

Because, should a flash of lightning strike a boiii' 
ing, or enter at any of the windows, it will taka il 
direction along the walls, without injuring tlie 
of the room. 

ffhy ished a place of comparative sitfeiy m a 
dtrstormf 

Because blankets and feathers are non-condiMlv 
A wooUen rug is likewise a non-conductor. boC I 
ahould be remoyed fix)m the chimney. fieU nie 
being conductors, are almost always melted uT 
strudc by Kghtning. 

Whyisitdangerotutotakeshdterwiidarain$imiii 
aMlormf 

Because the tree is a good conductor, prdbefa^ fiw 
vegetation tending to atmospheric electtici^, and Ai 
Immediaie vicinity of the tree being more 14M 
electrical, aa will be preaently diown, QSet page 49.)' 

The aafeat atuatmn without doors^ dming « gMOi^ 
la within aooie yards of trees, and inxm the dSvM «a 
thateanbeaalecied. ^-J— ^ 
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Why art ghips at sea so often destroyed by lightning f 
Because of the great quantity of metal, and parti- 



eularly of iron, which is employed in the rigging ; 
more especially as the metallic masses are there nearly 
iiisuJated, or connected only by very imperfect con- 
ductors. 

These inferences are drawn from an interestiDg ac- 
count of an accident to the packet ship the New York, 
by lightning, in 1827. The paper is by Dr. Trail, and 
was communicated to the Royal Society by one of its 
most distinguished feUpws, the present Lord Chancel- 
lor. It will, of course, be found in the PhUosophical 
Transactions of the year, but, perhaps, more reacQly, in 
the ,^brcana of Science and Art for 1829. 

H%f is copper a better material for a conductor than 
tron? 

Because copper is less liable either to fiision or 
conversion. A rod is also, from its continuity, a better 
form of conductor than a chain. 

ffky are there ^* returning'^ strokes of Ughtnir^f 

Because they are due to the restoration of the natural 
electric state, afler it has been disturbed by induction. 
Thus, if a person be brought into a highly electric and 
negative state by induction, from the approximation of 
a body highly charged positively, and then the latter 
be dkscha^^ by means having no connexion with the 
negatively electrified person, the negative state of the 
latter will be immediately destroyed, and an effect, in 
part analogous to a positive discharge of electricity, 
will be pnxluced. Some of tlie most serious accidents 
which occur from lightning are supposed to be pro- 
duced in this way ; not by the mere disturbance of 
dectricity in a person only, but of the electricity of 
dxMe bodies with which the person may be in contact, 
and to which he accidentally serves as a conductor. 

For an iUustrative narrative of a returning stroke of 
li^itning, near Paris, in September, 1826, see a paper 
53 
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fiom the dftHMbf & OiMM^iBlfaaqMr- 
teriyjowmti rfSamn far 18fiHL 

HIm art mirwu9 tiAeg o e twrm i g m tit^tthd mmk 

Beeaufe the^ have been eotnideRd as produeeiW 
lightning, ndiich mehs the sand to a conadom 
depcb, §0 as to form a tube, comnKnJy flinuoai^ wtt 
solid and smooth walls internally, and roii|^ on tie 
outside. In 1838, a yomig German »^**"**fat pn- 
seiited to his academy some of these tubes ■oveKW 
feet in length. It has been asked how electriei^ 
could produce efiects so intense,, and which hare bsia 
considered so difforent from those obtained from aitilll- 
cial electricity ; but this point has been decided by two 
eminent French chemists' success in forming fiMDHtfi 
of tulies perfectly resembling the natural li^itiuBf 
tubes, only that their walls were less solid, and tliar 
length less. 

Hliy have the gymnotua, or dectrie ed, and the iorpei^ 
or electric*^ a benumbing effect tphen toudied^ 

Because of certain smgularly constructed orgm 

Sivon to tliose remarkable animds for the purposes of. 
efence, which certain forms of the Voltaic appvatw 
much resemble ; for they consist of many aheniatioiif 
of different substances. These electrical omna an 
much more abundondy supplied with nerves uian any 
other part of the animal, and the too fi^uent use of 
them IS succeeded by debility and death. — PhUotofiki 
col TranaaeHorUt 1817. 

Towards the close of his valuable life, Sir H. Datty 
dated fW>m Lubiana, Illyria, (1828) an important paper 
containing a summary of his experiments on the tnr- 
pNDdo. It will be found in the PhUoaopkieal 7)nammt 
tiona of die year. Among the inferences drawn 1^ Sir 
Humphry, is ** a stronger analogy between fowipa 
and animal electricity, than between Voltaic and ani- 
mal electricity; and a probelulity that animal ckD* 
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tricity will be found of a distinctive and peculiar kind.'' 
This opinion, it will be perceived, is at variance with 
the explanation quoted in the preceding paragi-apfa. 

Agau, Sir Humphry observes, "the organ of the 
torpedo depends for its powers upon the will of the 
aninial. John Hunter has shown how copiously it is 
furnished with nerves. In examining the colunmar 
structure of the organ of the torpedo, I have never 
been able to discover arrangements of different con- 
ductors similar to those in gsJvanic combinations ; and 
it seems not improbable that the shock depends upon 
some property developed by the action of the nerves." 

ffhy do vegetables tend to atmospheric ekdridty ? 

Because of the action of the charcoal they contain 
upon the oxygen of the air ; and when it is considered 
that on one hand about fifteen grains of charcoal, in 
becoming carbonic acid, gives out sufficient electricity 
to charge a Leyden jar ; and, on the other band, that 
the charcoal which is contained in vegetables does not 
irive out less electricity than charcoal which biuiis 
freely, one may conclude, as du*ect experiments tend 
to jMt)ve, that over a surface of vegetation, 100 metres 
square, more electricity is produced in a day than is 
necessary to charge the strongest electrical battery. — 
M, PomUet, in Hit Annates de Chimie. 

Why is dectricitu beneficial to plants ? 

Because electrined seeds pass more rapidly through 
the first periods of vegetation, than such as are not 
electrified ; and electrified roses flower more rapidly 
and abundantiy. Plants with pointed leaves and spines 
attract electricity. 

Why is the cutting down of forests found to diminish 
iheguanliiy of rain f 

Because it is supposed to diminish the attraction for 
cknids. 

Why do leeches die suddenly at the approach of or 
during storms 9 
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Becftiue of the coogulatioii of their blood, caused hf 
the imiiresaioQ of the atmoepheric electriciQr. 

Whv 18 eUdricity considered an importani ekndod 
agentj 

Because it not only produces an infinite variedr of 
changes, but likewise influences almost all whidi 
take place. Thus, there are not two substances on the 
surface of the globe that are not in different electrical. 
relations to each other ; and chemical attraction itself 
seems to be a peculiar form of the exhibition of elec- 
trical attraction; and wherever the atmosphere, or 
water, or any f)art of the surface of the earth gains ae- 
cumulated electricity of a different kind from the eon- 
tiguous surfaces, the tendency of this electricity is to 
produce new arrangements of the parts of these 9a- 
faces ; thus, a positively electrified cloud, acting even 
at a great distance on a moistened stone, tends to 
attract its oxygenous oi* acidlform, or acid ingredients, 
and a negatively electrified cloud has the same effect 
upon its earthy alkaline, or metallic matter ; and the 
silent and slow operation of electricity is much more 
imi>ortant in the economy of nature, than its grand 
and impressive operation in Ughtning and thunder. 
The chemical agencies of water and air are assisted by 
those of electricity ; and their joint effects, combined 
with those of gravitation, and certain mechanical ones, 
are suflicient to account for the results of time, — iSitr 
H. Davy's Consolations in Travel, 

Why are magnetism and electricity^ which had long 
been studied as separate branches of science^ now cffeiAur' 
ally blended*^ 

Because all the phenomena of magnetic polarity, 
attraction, and repulsion, have at length been resolved 
into one general fact, that two currents of electricity 
moving in the same direction repel, and in contrary 
directions attract, each other. — Herschel. 

Hence, the magnetic effects of electricity constitute 
a new branch of science, under the title of ehctnh 
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fna^neHsm. The more popular phenomena of mag^ 
nedsm, which it will be our object to explain, do not, 
however, belong strictly to chemical inquiry ; we may 
therefore reserve their illustration for a more fitting 
occasion. 

LIGHT AND FLAME. 

Why may light and air he said to conttUuU a portion 
vfourearth f 

Because of their absorption by the earth. Thus, 
the light emitted by btuning coals, (which are gene- 
rally admitted to be of vegetable origin) has undoubt- 
edly been condensed in them by a process of nature 
which bids defiance to conjecture. — Mr, Deirosier of 
Mxnchtster, 

Why does afire give out warmth^ 

Because the heat is radiated; there being but little 
connexion with the inmiediate conducting power of the 
air ; thus, if a concave mdaUic mirror be held opposite 
the fire, a heating and luminous focus will be obtained. 

Wliy is ice produced in India (as described in 
pagtSi)? 

Because, chiefly, of the high radiating powers of 
the dry straw which is strewed in the inclosures, con- 
taining the water in shallow dishes. Calm and serene 
nights are most favourable to this operation, and it is 
necessary that the straw should be dry; for, when 
wetted, the production of cold is prevented ; a circum- 
4Stance which shows that evaporation is not the cause 
of the diminished temperature. We quote this from 
Brande, although the conclusions do not coincide with 
the opinion quoted from Amott, at page 33. 

Why are certain rays of the sun termed decompose 

Because they have a tendency to interfere with the 
•chemical constitution of bodies. Besides this kind of 
Taye, it is ascertained there are two others ; the calori- 
53* 
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fic, or headng rays; and the luminous, or cokHiriile* 
rayi^ which produce vision and colour. 

Sir H. Davy has, in some general jbcts of mat 
interest, traced an analogy between the effects of the 
sun's rays and the agencies of electricity. 

ffhy are the terms red-hot and white-hot ustd $ 

Because, when bodies are rendered luminous by 
great elevation of temperature, the light which they 
emit often appears dependent upon the heat to virhicn 
they are nibjected* There are, however, certain 
bodies which, at high temperatures, are remarkable 
for the quantity and extreme brilliancy of their li^t, 
independent oi actual combustion; this is the case 
with several of the earths, but more especially yrith 
lime, a small ball of which, about a quarter of an 
inch in diameter, being i^ited in the flame of alcohol 
urged by oxygen gas, emits light ; having about thirty* 
seven times the intensity of an Argand lamp burner.-' 
Brandt, 

Lieutenant Drummond has proposed to apply this 

Erinciple to the improvement of the illumination of 
ght-houses ; by substituting *^ for the Argand burners 
a small ball of lime ignited by the combustion of oxy- 
gen and hydrogen*'' His experiments ai*e described 
in the Philosophical TVansactions^ 1830, as follows 2—* 
" From this small ball, only three-eights of an inch 
in diameter, so brilliant a light is emitted, that it 
equals in quantity about thirteen Argand lamps, or 
120 wax candles; while, in intensity or intrinsic 
brightness, it cannot be less than 260 times that of an 
Argand lamp. These remarkable results are deduced 
from a series of experiments made lately at the Trinity 
House ; and, having been repeated v/ith every precau- 
tion, and by differentfndividuals, there seems no reason 
to doubt their accuracy. In the best of our revolving 
lights, such as that of Beachy Head, there ape no less 
than thirty reflectors, ten on each side* If, th^ a 
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angle reflector, illiiminaTed by a lime ball, be subadtU' 
ted £)r each of these ten, the effect of the three would 
be twenty-six times greater than that of the thirty. 
On account of the smaller divergence of the former it 
would be necessary to double Sieu: number, placmg 
them in a hexagon instead of a triangle. In this case 
the expense is estimated at nearly the same. This 
method was tried lately at Purfleet in a temporary light- 
house, erected for the purpose of experiments by the 
corporation Of the Trinity House, and its superiority 
over all the other liehts with which it was contrasted, 
Was fully ascertained and acknowledged." 

ffhy are ligkt and heat necessary to fhe existence of 
plants^ 

Because, in the sunshine, vegetables decompose the 
carbonic acid gas of the atmosphere, the carbon of 
which is absorbed and becomes part of their organized 
matter ; and the oxygen, which is the other constituent, 
Ib thrown oS* 

Why do not plarUs flourish in the dark f 

Because nd oxygen is then produced by them, and 
tu) carbonic acid absorbed. 

Light exercises a very remarkable influence upon 
the irritability of the sensitive plant. Thus, if a sen- 
tttive i^ant be placed in complete darkness, by carrying 
it within an opaque vessel, it will entirely lose its irri- 
tability, and that in a variable time, according to a 
certain state of depression or elevation of the surround- 
ing temperature. 

Again, Mr. Burnet flnds that when a sensitive plant 
has Deen made to droop, if the part in which the 
moving power resides is blackened so as to absorb the 
ligfat of the sun, the restoradon of the plant to its 
natural state is very much longer before it takes place. 
He also finds that at the moment the expansion at the 
foot of the leaflets, or other parts, is touched, to pro- 
duce the motion of the plant| it changes colour.— 
Phiao$.Mag. 
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Why art certain bodies said to he phosphoreacetdf 

Because, when heated to a certam poiDt below in* 
candescence, (an exceeduigly high temperature with' 
out the production of any gas^ they become luminoui^ 
without undergoing combusuon. Oil, wax, spemis- 
ceti, and butter, when nearly boihng, are lummoui^ 
Brande. 

Why are other classes of phosphorescent bodies caOd 
solar phosphori ? 

Because they become luminous when cemoyed into 
a dark room imer haying been exposed to the sunshine. 
Of tills description are Canton's, Baldwm's, and the 
Bolognian phosphorus, the latter named from its dis- 
covery by a shoemaker of Bologna. — Brandt. 

Wohler, a Qenuan chemist, recommends, as likely 
to give phosphorus at a very cheap rate, to distil, by a 
strong heat, ivory black with half its weight of fine 
sand luid charcoal powder. A silicate of lime m 
fortned, and the carbonic oxide and phosphorus come 
over. 

Dr. Bache, of Philadelphia, ERates, that at the tern- 
peratiu'c of sixty degrees FaJu^nheit, or upwani% 
carbon in the form of animal charcoal, or lamp-black, 
caus<;K the uiflammation of a stick of phosphorus pow« 
dered witij it ; the effect takes place either in the open 
air, or in a close receiver of a m<Hierate size. 

Bodies spordaneously phosph>resceni belong to an* 
other class. Among mese are 'the flesh of sut- water 
fish just before it putrifies, and decayed wood The 

§low->vorm and the lantcm-flv, certain shell-fish, me- 
usa3, &c. are also luminous when alive ; and the hun- 
dred-legged worm, and some other worms and insects, 
shine bnlUantiy when illuminated. These phenomena, 
as well as the phosphorescence ot the sea, will, how- 
ever, be explained elsewhere. 

The phosphorescence of fish has already been 
noticed, and attributed to animalct'w duriK^ putrtfae" 
lion; whereas, fj*om the experimefitfl of CantoHf and 
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of Dt, Hulme, it appears that << sea-fish become lumi- 
i nous in about twelve hours after death, that it increases 
I till putrefactioo is eiddent, and that it then decreases." 
K frhf may flame in general be regarded as luminous 
I gaseous matter^ 

■ Because hydrogen gas, probably, furnishes the purest 
flame which can be exhibited ; for the flames of bodies 

i which emit much Ught, derive that power fi-om soUd 
matter which is intensely ignited and diflused through 

■ them, and which in ordinary flames, as of gas, tallow, 

■ wax, oil, &c. consists of finely-divided charcoaL — 
m Brande. 

i Dr. Ure, speaking of " the nature of flame, and of 

the relation between the light and heat which compose 

m it," says, ^<The flame of combustible bodies may, in all 

f cases, be considered as the combustion of an exjdosive 

I mixture of inflammable gas or vapour with air. It 

cannot be regarded as a mere combustion at the sur- 

I face of contact of the inflammable matter. This fact 

is proved by holding a taper, or a piece of burning 

E phosphorus within a flame made by the combustion of 

f alcohol The flame of the taper, or of the phosphorus, 

will appear in the centre of the other flame, proving 

that there is oxygen even in its interior part 

ffhy does spirit of wine som/etimes burn with various 
coloured flames ? 

Because of its admixture with diflerent substances. 
Thus, from borax it acquires a greenish yellow tint ; 
nitre, and the soluble salts of baryta, cause it to bum 
yellow, and those of strontia give it a beautiful rose 
colour ; copper salts impart a fine green. 

Dr. Ure, in his valuable Dictionary of Chemistry^ 
(edit 1830) gives the following recipe for the beautiful 
red fire now so effectively used to aid stage effect at 
the theatres : — 40 parts dry nitrate of strontia, 13 parts 
finely powdered sulphur, 5 parts chlorate of potash, 
(hyper-oxymuriate) and 4 parts sulphuret of antimony. 
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Becaut8 oT die cutmrected fajdrogen 9*% ^" ^"9 
and DozkNis ezfaaktioiBy doni^ the worion^ ofttB 
cooJh, frofn fiflBures or ciacks m the beds; whm tUi 
luuf acciunulatied so as to form ooe-ilnrteendi of die il- 
mofFphere of the ndpe, it becomes ezplosfe hf a H^ 
9ui candle or aor land of flame. OT m* 
m railed fin-dnmp^ to di8tiiu;ui8h it mim 
gaiS which tliev call Mkt-Jum^ 

The late Mrrspeddinn^ haiinsobsenred diat die ex- 
plosive damp eotud onhv be kinfied bj flame^ and nif 
not liable to be set on fire by red-bot iron, nor Xtw dit 
sparks produced by the collision of flint and sledy In- 
vented a machine, m which, while a sled wlieel nif 
turned round with very rapid motion^ ffints were oh 
plied to it, andliy the abuiidance of fieiy spariDS emi^ 
ted, the miners were enabled to cany on their ,woik la 
places where the flame of a lamp w candle would oc- 
casion dreadful expk)sions. 

Whj is the sqfdif'lamp to caUedf 

UicauM) it consists of a lamp surrounded by a wiia- 
gaiizo, wliicli, by confining me flame firom die flm^ 
flntnp, without Intercepting the light, enabloi dw 
niineni to work in sale^; and whic^ in gradtude to 
fttf iUuMtrioiit inventor. Sir IL Davy, ii^ in mininf dii- 
tricts called (AeAiBf. 
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Why dots iht wire-ffauze prevent explosion ? 

Because the meshes of the gauze are of such a 
size that a flame of the gas attempting to pass through 
it, is so cooled by the heat-absorbing and heat-con- 
ducting power of the metal, ai^ to be extinguished ; 
or, in fewer words, the temperature of the flame is 
8o much lowered as to be insuflicient to ignite the 
inflammable mixture on the outside. This is shoym 
by bringing down a piece of fine brass or iron wire- 
gauze upon the flame of a candle ; or, what answers 
better, upon an inflamed jot of coal gas, it will, as it 
were, cut the flame in half. That the cooled gaseous 
matter passes through, maybe sho^vn by again lighting 
it upon the upper surface. 

Mr. Brande further illustrates this principle, by sup- 
posing the flame of a common lamp to be everywhere 
properly surrounded with wire-gauze, and in that state 
immersed in an explosive gaseous mixture, (Uke the 
fire-damp) it ^vill be inadequate to its inflammation ; 
that part only being burned which is within the cage ; 
communication to the inflammable air tmthovi being 
prevented by the cooling power of the metallic tissue ; 
80 that, by such a lamp, the explosive mixture will be 
consumed, but cannot be exploded. 

The apertures in the gauze should not be more 
than one-twentietli of an inch square ; in the working 
model which Sir Humphry Davy sent to the mines, 
there were 748 apertures in the square inch. 

The above is the explanation of the principle, by, 
and from the reasonings of, the ingenious inventor 
himself. — Some facts known to Signer G. Libri, of 
Florence, were, however, at variance with this hypo« 
thesis, and he found, upon trial, that when single rods 
were made to approach a flame, the latter was always 
inflected on all sides from the rod, as if repelled by it ; 
and that this eflfect was independent of the conductmg 
power of the rod, whether good or bad. The amount 
of inflection or repulsion was dureetj^y as the mass, and 
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inversely as the distance from the flame. It was not 
diminished by increasing the temperature of the rod 
even to such a degree as to render it scarcely possible 
for it to abstnict any of the caloric. In fact, when two 
flames arc made to approach each other there is • 
mutual repulsion, although then* proximity increasefl 
the temperature, instead of diminishing it. From 
these principles, Signer L. says, the theory of the 
safety lamp is easily deduced. A metallic wire exert- 
ing, according to its diameter and its own nature, a 
constant repulsion upon flame, it is evident that two 
parallel wires so near each other as not to exceed tbe 
distance of twice tlie radius of the sphere of repulsion, 
will not permit a flame to insinuate itself between 
them; unless it be impelled by a force suiierior to the 
intensity of repulsion. If to these two wires others be 
added, a tissue is formed impenetrable to flame, eq)e- 
cially when the conducting power of the wires odds its 
influence to that of the repulsion. He conceives that, 
from the views above stated, the number of cross or 
horizontal wires in Daly's lamp are unnecesBarily 
large ; and that by rejecting all of these excepting 
a number sufiicient to secure the firmness of the tis- 
sue, the lamp would afford as great a security as at 
present, and, at the same time, diflu^ a much greater 
light — ^this opinion he has verified by actual expeii- 
ment 

Again, a Mr. Dillon, an ingenious writer on prac- 
tical science, maintains, in opposition to Sir Humphrey 
Davy, that the Davy lamp acts by its heat and rare- 
faction, not from the flame being cooled by the wire- 
gauze covering. He shows, by a simple experinient^ 
that the Davy lamp is not safe in a current of hydbro- 
gen, or carburetted hydrogen gas, which, if steadily 
directed on the flame of the lamp from a bladder and 
stop-cock, hy cooling the tmre-gauze, brings the flame 
of the lamp through the gauze to the moutih of Am 
stop-cock, even should there be six folds of gau'« 
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intervening. He shows also, by immersing the lamp, 
when cold and newly-lighted, into a jar of dense 
hydrogen, or carburetted hydrogen gas, or an explo- 
mve mixture with atmospheric air,' that explosion 
takes place inside and outside of the lamp ; whereas, 
when the lamp has burnt sufficiently long to heat 
the wire-gauze, no explosion takes place on the 
outside of the lamp. These experiments appear 
mcontrovertible in support of his theory, which is, 
^that the iMre-ffauze is merely the rapid receiver and 
the retainer of heat, and that it is the caloric in its 
meshes which prevents the flame of the lamp from 
hein^ fed by the oxygen of the atmosphere ort the 
ovtstde,^ 

Mr. Dillon increases the heat of the lamp, and places 
on it a shield of talc to protect it from a current, 
and, upon his theoiy, the shafts or workings of iron 
and coal mines may be lighted with gas with perfect 
safety, protecting the flame with wire gauze and a 
circular shield of talc. 

The explosions from fire-ddmp are truly terrific. 
Sir H. Davy says; " when this gas has accumulated in 
any part of the gallery or chamber of a mine, so as to 
be mixed, in certain proportions, with common air, the 
presence of a hghted candle, or lamp, causes it to ex- 
plode, and to destroy, injure, or bum, whatever is ex- 
posed to its violence. The miners are either imme- 
diately killed by the explosion, and thrown, with the 
horses and machinery, through the shaft into the air, 
— the mine becoming, as it were, an enormous piece of 
artillery, fi-opi which they are projected— or, they are 
sradually suftbcated, and undergo a more painftil death, 
m>m the carbonic acid {choke damp\ and nitrogen re- 
maining in the mine after the explosion of the fire^ 
damp ; or what, though it appears the mildest, is per- 
haps the most severe mte, — they are burned or maimed, 
and often rendered incapable of labour, or of healthy 
enjoyment, for life." 

54 
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A comparatiTe atatemcnt hoa been nMide of the muf 
ber of ex|doeioiiB in coal milieu and the d e rth e oeea- 
riooad by tliem, durinff the ten yean wbieh pnoedel 
and the ten years which aucoeededytfaa intioductionrf 
the Davy-lamp ; from which it appean tiiat 

From 1805 to ldl6 tlMce w«e 9 Biptos. AMDMOiL 
1817 ledd - - 19 a» 

Ezceu fince the iotroductkm of die Dary 10 78 

This excesB is accounted for by the wotfanen re^jfiDf 
80 much on the Dtm^ that, under ila pvilectioiiy tkgr 
now work in places wnere they would not hacve ftnnv* 
ly ventured to take a lighL Inattantion to tbe 
of the lamps doubtless contributes to the * 
total. 

Mr. Brande judlcioudy obeervea, that 88 their aafe^ 
"entirely depends upon the perfect state of the win- 
gauze, and upon the non-existence of any aperture or 
channel sufficiently large to adnut of the peaaage of 
flame, they should, when in use in a coal^ n^doey be in- 
spected daily, to enanre their soundness hi theae res- 
pects. In gas-manufitctories, qnrit-warehouae^ and 
m all cases where inflammable vapours or gaaea wn 
likely to be ffenerated, as in the examination of fool 
aewers and cGnins, it is obvious that these lani|i8 aro 
importandy applicable." 

Wku dofiremen, hy the protection ofAU&nffa 
libtt JoOi andwire-gauzej remain for two or three 
completely enveloped inflames^ tnUund vyvry f . 

Because, perilous as their situation may appear, tibey 
are supplied in some way with pure air. M. O^JjUh 
sac observes, that when a furnace is heated ao aa to 
flame and smoke, the air within is ^itireljr deprived of 
oxygen ; and therefore it is certain, that if me hdme- 
diate action of the flames were guarmd off bj the win> 
^uze, still it would be impossible to aualafai reapintton 
m the midst of them. There are seveial wagni of ao- 
oounting for the requisite supply of air; and one wfaieh 
M. Gay Lussoc suggests appears the most ptobdUes 
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viz. that the men are supplied by a current of fresh 
air from the space between the two garments. B^des 
this, we cannot suppose that their heads are con- 
stantly enveloped in the flames, and they, of course, 
find favourable moments for breathing; again, the 
power of suspending the breath is also an excellent 
resource, which every fireman ought by practice to ac- 
quire. The fireman has another difficulty to contend 
with, in the dense volumes of smoke, which prevent his 
breathing, blind liis sight, and consequently retard his 
exertions. To obviate this, it has been proposed to 
furnish a supply of air from a portable reservoir ; or 
by means of a flexible tube, rising from the feet to the 
mouth, through which the fresh air would naturally 
rise, as the heated au* escaped above. — Phil, Mag, 1830. 

JVhy does amadou^ or Gemum tbider, readUy in/lame 
fromjlint and steel, or from the swldeti condensation of 
air 7 

Because it consists of a vegetable substance found 
on old trees, boiled in water to extract its soluble parts, 
then dried and beat with a mallet, to loosen its tex- 
ture ; and lastly, impregnated with a solution of nitre. 
—Ure. 

Why is a piece of paper lighted^ by holding it in the 
air which rushes oviofa common lamp-glass f 

Because of the high temperature of the current of 
air above the flame, the condensation of which is by 
the cliimney of the glass. ^ 

Why does heated platinum toire, if placed round the 
toick of a spirit-lump, continue to give light and heat, 
though untnoui flamed 

Because of the vapour of the spirit ; the heat never 
becoming sufficiently intense to produce its inflamma- 
tion. This discovery, by Davy, ultimately gave rise 
to the formation of a lamp, which, containmg alcohol, 
and prepared at the place of tiie wick with a piece of 
spongy platinum, or, as Dobereiner calls it, sub-oxide 
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fic, or heating nys; and the luinmoui^ or 
nya, wfaieb produce Tieion and eolour. 

Sir H. Davv has, in some general fiicta of mK 
interest, traced an anak^ between the effisct* of dM 
sun's rays and the agencies of electricily. 

Why art the terms rtd^md and wkiU-kU tuedf 

Because, when bodies are rendered huninoiis hf 
great elevation of temperature, the light which thrr 
emit often appears dependent upon the heat to irhien 
th^ are siUDgected. There are, however, ceHaiB 
bodies which, at high temperatures, are remuUbb 
for the quantity and extreme brilliancy of thdr li|^ 
independent m actual combustion ; this is the can 
With several of the earths, but more especially widi 
lime, a small ball of which, about a quarter of ao 
inch in diameter, being i|;mted in the flame of akohol 
urged by oxygen gas, enuts light ; havuig about thirty* 
seven times the intennty of an Argand liunp buiner^^ 
Brandt, 

Lieutenant Drummond has proposed to apply thii 
principle to the improvement of the illumination of 
light-houses ; by substimtin^ ^ for the Argand buinerf 
a small ball of mne ignited by the combustion of oxy 
pn and hydro^n.** His experiments are deacrihed 
m the PkUoii^Medl TVansactionSi 1890, as foUowB i^- 

*^ From this small ball, only three-eights of an inofa 
in diameter, so brilliant a light is emitted, that It 
equals in quantity about thirteen Ai]gand ]ainp% or 
120 wax candles; while, in intensiQr or intriniie 
brightness, it cannot be less than 960 times that of as 
Argand lamp. These remaricable results are deduced 
from a series of experiments made lately at the Trini^ 
House ; and, having been repeated with every piMai^ 
tion, and by different individuals, there seems no reuoo 
to doubt their accuracy. In the best of our revolving 
lights, such as that of Beachy Head, there ave do kw 
than thirty reflectors, ten on each side. If, theii| a 
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Bmgle reflector, illtiminated by a lime bell, be subadtU' 
ted for each of these ten, the effect of the three would 
be twenty-six times greater than that of the thirty. 
On account of the smaller divergence of the former it 
would be necessary to double dieir number, placing 
them in a hexagon instead of a triangle. In this case 
the expense is estimated at nearly the same. This 
method was tried lately at Purfleet in a temporary light- 
house, erected for the purpose of experiments by the 
corporation Of the Trinity House, and its superiority 
over all the other lichts with which it was contrasted, 
was fully ascertained and acknowledged." 

ffhy are light and heat necessary to fhe existence of 
plants'? 

Because, in the sunshine, vegetables decompose the 
carbonic acid gas of the atmosphere, the carbon of 
'Which is absorbed and becomes part of their organized 
matter ; and the oxygen, which is the other constituent, 
is thrown off. 

ffhy do not plants flourish in the dark ? 

Because u6 oxygen is then produced by them, and 
no carbonic acid absorbed. 

Light exercises a very remarkable influence upon 
the irritability of the sensitive plant. Thus, if a sen- 
sitive plant be placed in complete darkness, by carrying 
it within an opaque vessel, it will entirely lose its irri- 
tability, and that in a variable time, according to a 
certain state of depression or elevation of the surround- 
ing temperature. 

Affain, Mr. Burnet flnds that when a sensitive plant 
has been made to droop, if the part in which the 
moving power resides is blackened so as to absorb the 
light of the sun, the restoradoa of the plant to its 
natural state is very much longer before it takes place. 
He also flnds that at the moment the expansion at the 
foot of the leaflets, or other parts, is touched, to pro- 
duce the motion of the plant| it changes colour^— 
PkHot, Mag. 
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ff% ore ceHam &oi2iM said to he photfharuead't 

Because, wiien heated to a certain point below itt* 
candescence, (an exceedingly high temperature with' 
out the production of any gas^ tbey become luminoai^ 
\vithoat undergoing combustion. Oil, wax, apenni- 
ceti, and butter, when nearly txnkng^ are lunmioai^ 
Brcmdt, 

}Vhf art other classes of phosplknrescent bodies esBd 
solar phosphori ? 

Because they become luminous when Bemoved into 
a (lark room aner having been exposed to the sunshine. 
Of tliis description are Canton's, Baldwin's, and the 
Bolognian phosphorus, the latter named from its die* 
CO very by a shoemaker of Bologna. — Brandt, 

Wohler, a Qennan chemist, recommends, aa likelf 
to give phosphorus at a very cbeap rate, to distil, b? a 
strong hear, ivory black with half its weight of nne 
sand imd charcoal powder. A silicate of lime if 
formed, and the carbonic oxide and phosphorus come 
over. 

Dr. Bache, of Philadelphia, grates, that at the tem- 
perature of sixty degrees Falu^nheit, or upwanfa^ 
carbon in the form of animal charcoal, or lamp-blackf 
caus(;Kthe uiflammation of a stick of ])bosphoru8 poW' 
dercd witli it ; the effect takes place either in the open 
air, or in a close receiver of a moderate size. 

Bodies spontaneously phospJwrescent belong to an* 
other class. Among these are 'the flesh of sdt- water 
fish just before it putrifies, and decayed wood. The 

§ low-worm and the lautem-flv, certain shell-fish, me- 
usa3, &c. are also luminous when aUve ; and the hun- 
dred-legged worm, and some other worms and inaectSy 
shine brilliantly when illuminated. These phenomeoif 
as well as the phosphorescence oi the sea, will, how- 
ever, be explained elsewhere. 

The phosphorescence of fisb has already been 
noticed, and attributed to animalct^o durvw putrtfai> 
tton ; whereas, from the experiment of Canton^ and 
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of Dr. Hulme, it appears that '^sea-fiah become lumi- 
nouB in about twelve hours after death, that it increases 
tiU putrefiiction is evident, and that it then decreases." 

Whf may flame in general be regarded as luminous 
gaseous nudUrf 

Because hydrocen gas, probably, furnishes the purest 
flame which can be exhibited ; for the flames of bodies 
which emit much light, derive that power from solid 
matter which is intensely ignited and difliised through 
them, and which in ordinary flames, as of gas, tallow, 
wax, oil, &c. consists of finely-divided charcoal. — 
Brande, 

Ihr. Ure, speaking of ** the nature of flame, and of 
the relation between the light and heat which compose 
it," says, "The flame of combustible bodies may, in all 
cases, be conadered as the combustion of an explosive 
wuturt of inflammable gas or vapour with air. It 
cannot be regarded as a mere combustion at the sur- 
fsice of contact of the inflammable matter. This fact 
is proved by holding a taper, or a piece of burning 
phosphorus within a flame made by the combustion of 
alcohoL The flame of the taper, or of the phosphorus, 
will appear in the centre of the otlier flame, proving 
that there is oxj^u even in its interior part. 

Wh^ does spmJt of toine sometimes bum with various 
coloured Jlamesf 

Because of its admixmre with different substances. 
Thus, from borax it acquires a greenish yellow tint ; 
nitre, and the soluble salts of baryta, cause it to bum 
ydloip, and those of strontia give it a beautiful rose 
colour ; copper salts impart a fine green. 

Dr. Ure, m his valuable Dictimary of Chemistry^ 
(edit 1830) gives the following recipe for the beautiful 
rtdftrt now so effectively used to aid stage effect at 
the theatres :— 40 parts dry nitrate of strontia, 13 parts 
finely powdered sulphur, 5 parts chlorate of potash, 
(hyper-oxymuriate) and 4 parts sulphurot of antimony. 
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Powder the two latter vepantelT in a mortVy md dM 
mix them on paper ; after wmch add liiain W i 
other mgredients, previoudy powdered .and ndn 
No other kind of mixture than rubbliig togudier i 
paper is reauired. Sometimes, a little realgar ia adA 
to the sulphuret of antimony; and frequendy, wb 
the fire bums dim and badly, a very smul {maitiaj i 
finely powdered charcoal, or lamp-bkciEy wiU mw 
perfect 

Why is working in coal miner somdiimu>JIM 
miners f 

Because of the carburetted hydrogen gaa^ or dam 
and noxious exhalations, during the woi^inff oft! 
coals, fi*om fissures or cracks in the beds; wEten tl 
has accumulated so as to form one-thirteenth of the i 
mosphere of the mine, it becomes explonve fay a figi 
ed candle or any kind of fiame. By miners^ this | 
is called fre-damp, to distinguish it from carbonic ac 
gas, which tliey call choke-damp. 

The late Mr. Spedding, having observed that the e 
plosive damp could only be kindled by flame, and n 
not liable to be set on fire bj red-hot iron, nor by t 
sparks produced by the collision of flint and ateeJ, i 
vented a machine, m which, while a steel wheel n 
turned round with very rapid motion, flints were a 
plied to it, and 'by the abundance of fiery sparioi em 
ted, the miners were enabled to carry on theur work 
places where the flame of a lamp or candle would c 
casion dreadful explosions. 

Why is the safebj-lamp so called f 

Because it consists of a lamp surrotmded by a wii 
gauze, which, by confining tne flame firom the fit 
damp, without intercepting the li^^t, enablea tl 
miners to work in safety; and whic^ in gratitude 
its illustrious inventor, Sir U. Davy, is, in mining di 
tricts colled (he D0ii!^» 
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Why does the wire-muze prevent explosion^ 

Because the meshes of the gauze are of such a 
size that a flame of the gas attempting to pass through 
it, is so cooled by the heat-absorbmg and heat-con- 
ducting power of the metal, a? to be extinguished ; 
or, in fewer words, the temperature of the flame is 
so much lowered as to be insufiicient to ignite the 
ioflammable mixture on the outside. This is shown 
by bringing down a piece of fine brass or iron wire- 
gauze upon tlie flame of a candle ; or, what answers 
better, upon an inflamed j'jt of coal gas, it will, as it 
were, cut the flame in half. That the cooled gaseous 
matter passes through, may be shown by again lighting 
it upon the upper siuface. 

Mr. Brande further illustrates this principle, by sup- 
posing the flame of a common lamp to be everywhere 
properly surrounded with wire-gauze, and in tliat state 
immersed in an explosive gaseous mixture, (like the 
fire-damp) it Avill be inadequate to its inflammation ; 
that part only being burned which is within the cage ; 
communication to the inflammable air toithovt being 
prevented by the cooling power of the metallic tissue ; 
so that, by such a lamp, the explosive mixture will be 
consumed, but cannot be exploded. 

The apertures in the gauze should not be more 
than one-twentiett of an inch square ; in the working 
model which Sir Humphry Davy sent to the mines, 
^ere were 748 apertures in the square inch. 

The above is the explanation of the principle, by, 
and from the reasonings of, the ingenious inventor 
himself. — Some facts known to Signer G. Libri, of 
Florence, were, however, at variance with this hypo- 
tbefids, and he found, upon trial, that when single rods 
were made to approach a flame, the latter was always 
inflected on all sides from the rod, as if repelled by it ; 
and that this efiect was independent of the conducting 
power of the rod, whether good or bad. The amount 
of inflection or repulsion was directly as the mass, and 
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iovei*Bo]y as the tlistflnce from ilie fiariie. It 
dimim.shed by increaiiing die icinperaturo 
ev*in to siicli n dogmc^ im to render it f?carce] 
for it to abstnicl atjy of the culorio. lu fact, 
tlnrnea are mafle to approach each other theri 
moiual repiiLsion, akliou«:h their proximity inert 
t\m temperature, rnstettfi of dimiiiisliiiig it I 
these principles, Signor L. sayi^ the theory oj 
safety Inoip is easily dt^dnred. A metallic wire el 
ing, according to itft diaroetcr and it:? ovvtj natii 
corjFtant repnlii^ioii upon flume, it is evident tfiat 
parallel wm^s so tirar eiic^h fitht^r as not to exceed 
distance cjf ivvice tJie radiu^i of the sphere of repul 
will not permit a flaino to insinuate iu»elf ben 
iJiem; imless it lie impelled by a tbrce sujjerior tM 
intensity of repulsion. If tf> tlici^c two wires oth« 
added, a tissue is formed impenetrnhle to flame, < 
cially when tlie conducting power of the wires aik 
influence to that of ilie repidwon. He conceives 
from the views above stated, the numlw^r of crcJi 
horizontal wires in Davj^^si lamps are itnnecesiM 
large ; and that by rejectinir all of fljeao exr«j 
a numlier sufficient to s^?rnre the firmness of thi 
8ln^ the lamp w^oiild afford tiB greai a security I 

{jFCfient^ ajnl^at the same tittie, ditfuge a much gfl 
ij^ht — ^thia opinion he baa verified by actual e^ 
ment. ' 

Aa^ain, a Mr. Dillon, an ingenious writer on | 
tical scienctt, maintains, in opposition to Sir Hump 
Davy, thai the Dai'y lamp acta by its heat and 1 
faction, not from the flame bt^ing cooled by the 1 
giiuxe covering. He shows, by a simple experin 
that the Davy lamp is not safe in a rnrrf;nt of hy 
gen, or carhnretted hydro|jen gas, which, if std 
directed on the flame of the lamp from a blarlder 
stop-coi^k, fci/ moHn^ (he wirf'£rmtz€y brings the B 
of tlie lamf) through the gauze to the mouth of 
Slop-cock, even shoidd there be six fotda of g| 
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interveninff. He shows also, by immersing the lamp, 
when cold and newly-lighted, into a jar of dense 
hydrogen, or carburetted hydrogen gas, or an explo- 
ave mixture with atmospheric air,' that explosion 
takes place inside and outside of the lamp ; wnereas, 
when the lamp has burnt sufficiently long to heat 
the wire-gauze, no explosion takes place on the 
outside of the lamp. These experiments appear 
incontrovertible in support of his theory, which is, 
**that the iMre-gaiae is merdy the rapid receiver and 
ihe rdainer of heat, and that it is the caloric in its 
meshes which prevents the Jlame of the lamp from 
being fed by the oxygen of the atmosphere on the 
mOMe.'' 

Mr. Dillon increases the heat of the lamp, and places 
on it a shield of talc to protect it from a current, 
and, upon his theory, the shafts or workings of iron 
and coal mines may be lighted with gas with perfect 
safety, protecting the flame with wire gauze and a 
circular shield of talc. 

The explosions from fire-damp are truly terrific. 
Sir H. Davy says; ** when this gas has accumulated in 
any part of the gallery or chamber of a mine, so as to 
be mixed, in certain proportions, with common air, the 
presence of a lighted candle, or lamp, causes it to ex- 
plode, and to destroy, injure, or bum, whatever is ex- 
posed to its violence. The miners are either imme- 
diately killed by the explosion, and thrown, with the 
horses and machinery, through the shafi; into the air, 
-«ihe mine becoming, as it were, an enormous piece of 
artillery, fropi which they are projected— or, they are 
nradually sufibcated, and undergo a more painful death, 
nom the carbonic acid {choke damp) and nitrogen re- 
maining in the mine after the explosion of the fire- 
damp ; or what, though it appears the mildest, is per- 
haps the most severe fete, — they are burned or maimed^ 
and often rendered incapable of labour, or of healthy 
enjoyment, for life." 

54 
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A comparative Btatcm'^nt ho-s been made of the num* 
ber of ex|>losioiiB in coal mines, and the deaths occa- 
»oned by dieiii, duriug the ten vcars which preceded, 
and the ten yenns which succceifed, the introauctkin of 
the Da^7-lairnp ; from whicli it appears that 

Ftmn l*'-ir) tij l-<|(i tliere were » Ezplot. 9t54 Deaths. 

J«JI7 i-2i - - 111 3dO 

Kxceiiii fiince the introduction of the D.i\*y L) 76 

This excess is accounted for by the workmen relying 
so much on the Davy^ that, mider its pritection, ther 
now work in places where they would not have former- 
ly ventured to take a light. Inattention to the stole 
of the lamps doubtless contributes to the lamentable 
total. 

Mr. Brande judiciously observes, Uiat as their safety 
^ entirely depends upon the perfect state of the wire- 
gauze, and upon the non-existence of any aperture or 
channel sufficiently large to admit of the passage of 
Hainc, tliey should, when ui use in a coal iiiine, be in- 
spected daily, to ensure their soundness in* these res- 
pects. In gas-manu&ctories, spirit-warehouses, and 
m all cases where inflammable vapours or gases are 
likely to be generated, as in die examination of foul 
Sf3wers and drains, it is obvious that these lamps are 
importantly applicable." 

Wkji dojiremen, hy the protection ofm91dinp8 incombaS' 
tUUe cwth andtoire-gauTXy remain for two or three minuUi 
completely envelop^ inflames, unthout injury 7 

Because, perilous as their situation may appear, they 
are supplied in some way with pure air. M. Gay Lus- 
sac observes, tliat when a furnace is heated so as to 
flame and smoke, the air within is entirely deprived of 
oxygen ; and therefore it is certain, that if the imme- 
diate action of the flames were guarded oflT by the wire- 
^uze, still it would be impossible to sustain respiration 
m the midst of them. There are several ways of ac- 
counting for tlie requisite supply of aur; and one which 
M. Gay Lussac suggests appears the most probabte: 
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viz, that the men are supplied by a current of fresh 
air from the space between the two garments. Besides 
this, we cannot suppose that their heads are con- 
stantly enveloped in the flames, and they, of course, 
find favourable moments for breathing; again, the 
power of suspending the breatli is also an excellent 
resource, which every fireman ought by practice to ac- 
quire. The fireman has another difficulty to contend 
with, m the dense volumes of smoke, whicli prevent his 
breathing, blind his sight, and consequently retard his 
exertions. To obviate this, it has been proposed to 
ftirDisli a supply of air from a portable reservoir ; or 
by means of a flexible tube, rising from the feet to the 
mouth, through which the fresh air would naturally 
rise, as the heated au* escaped above. — Phil. Mag. 1830. 

fyhy does amMou, or German tiiider, readily ir^rrn 
JromJLird and steely or from the sudden condensation of 
air? 

Because it consists of a vegetable substance found 
on old trees, boiled in water to extract its soluble parts, 
then dried and beat with a mallet, to loosen its tex- 
ture ; and lastly, impregnated with a solution of nitre. 
—Ure. 

Why is a piece of paper lighted, by holding it in the 
air which rushes out of a common lamp-glass! 

Because of the high temperature of the current of 
air above the flame, the condensation of which is by 
the chimney of the glass. 

fVhf does heated platinum wire, if placed round the 
wick of a spirit-lamp, continue to give light and heat, 
though wUhnd flame'} 

Because of the vapour of the spirit ; the heat never 
becoming sufficiently intense to produce its inflamma- 
tion. This discovery, by Davy, ultimately gave rise 
to the formation of a lamp, which, containing alcohol, 
and prepared at the place of the wick with a piece of 
spongy platinum, or, as Dobereiner calls it, sub-oxide 
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of platinum, or some other form of that metal, ^- 
dually converted t!ic whole of the alcohol into acetic 
acid. 

The lamp in this ionn has been used for a ni^ 
lamp : it given light enough to see the time hy a wateb 
held close to it ; and if more light be required, a piece 
of uiiiadoii may Ite carefidly inflamed at it, and then 
a litrht procured hi the usual way. Mr. Batka propoies 
to usr; Kau de Colo<rne in place of common smrit of 
wiiio, and finds, that then the fragrance diffused ie 
very grateful ; l)eing, in fact, occasioned by the actual 
fun nation of aromatic nnegar, during the whole time 
the lamp bums. 

COMBUSTION. 

}Vhy are certain bodies combustible ? 

Hecause of an intense chemical action whicn taRes 
plr.c»5 in them, and is connected with their electrical 
energi«\s ; " for, all bodies which jwvverfully act upon 
each other, are in the o])posite electrical states of posi- 
tiv<; and negative ; and tlie disengagement of heat and 
light, (which characterizes combustion) may depend 
«[K)n the annihilation of those opposite states which 
happens whenever they combine.'' — Braiide. 

Hir H. Davy has asserted, " that in any case com- 
bustion is merely the appearance produced, when suh- 
Htancres, which have i)erhnps still stronger attraction 
for each otiier tlian quick-lime and water, are com- 
bininjr chemically, so as to become heated, at least, to 
the d<'gree of iilrmidescence. During the phenome- 
non, tln;re is not, ixa was foi-merly 8up|K)8ed, sometliing 
altojr«'th<T consumed and desti'oyed, or something call- 
ed plo^islon escaping; the sul)8tances concern^ are 
but assuming a new form and arrangement 

Of the sulwtances called combustible^ there are only 
a few which will l)egin to unite or brnTi at the commoo 
temp(;rature of our globe, the others reqiuring to be at 
some higher and peculiar temperature. Thus, phoB 
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phorus begins to burn at ISC, sulphur at 550% char- 
coal at 750% hydrogen at 800° ; it appearing, that up to 
these temperatures, the attraction of the atoms among 
themselves is sufficient to resist the other attraction, or 
that of oxygen. But when the combustion once begins, 
the temperature, fi*om the effijct of the combustion it- 
self, rises Tustantly, much beyond the degree necessary 
for the commencement of the process. Oxygen and 
hydrogen, which be^ to bum or combine at 800°, 
produce a flame of as mtense heat as human art can 
excite. — Jhmott, 

Why are other hodiesy as a stone, or brickj termed iiu- 
comlmsiible ? 

Because, when heated, they undergo no change ex- 
cept an augmentation of temperature, and when left 
to themselves, they soon cool again, and become as at 
first. But, with combustible bodies, the case is very 
different. When Seated to a certaui degree in the 
open air, they suddenly become much hotter of them- 
selves, and continue for a considerable time intensely 
hot, sending out a copious stream of coloric and Ught 
to the surrounding bodies. This emission, after a cer- 
tain period, begins to diminish, and at last ceases al- 
together. The combustible body has now undergone 
a' complete change, — it is converted into a substance 
possessing very different properties, and no longer ca- 
pable of combustion. — Tfiomson, 

Again, of substances burning in air, those which 
are originally aeriform, as coal gas, or which, on being 
heated are vapourised or rendered aerifonn, before 
their union with the oxygen of the atmosphere takes 
place, as oil or wax, assume the appearance of flame ; 
viz. the aeriform particles usually invisible, are rais- 
ed to the incandescent temperature; but when the 
substance combining with the oxygen remains solid^ 
while its pailicles are gradually lifted away bv the 
oxygen acting only at the sur&ce of their mass, it ap- 
pears during the whole time only as a'codrVic:^ ^^X)fe« 
54* 
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The latter is the case of cbarooal, eokB, Welch Mon^ 
coal, &C. while in the case of wood, common ood, Iec 
a greater or less portion of the inflammable mattBTiii^ 
by the heat of the combustion, conyerted into yupin^ 
and produces the beautiful appearance of flame. 

Men, now grown familiar with prodigiefl| bsFS it 
moet ceased to be moved bv them; but few penoH 
can resist a feeling of wonder and ^^tpir^tmi wfaoi 
chemistry, in its progress of discovery, every now and 
then cads forth the hidden spirit of conabustioD m 
some new or less familiar guise ;— for infltaDce, when 
a piece of iron wire, hghted as a taper in axjm» 
gas, bums with such resplendent brilliancy ; or, wnca 
phosphorus, similarly placed, throws around its over- 
powering flood of flame ; or, when small porttona of 
the metid called potassium, being cast upon die 0U^ 
face of water, become as beads of most mtense li|^ 
running about there, and crossing as in a merry danoe; 
^-or, lastly, when flames produced from particular 
substances are seen rising deep-tinged vrith moat vivid 
and beautiful colours. — Amott, 

Why dots a common fire gmoke f 

Bemuse of the vapour of the water firom the moil* 
ture of the fuel ; and the carburetted hydrogen and 
bituminous substances, formed during oombuation by 
the union of the hydrogen of the combuatiUe wm 
the oxygen of the atmosphere. 

ffhy dots a draught support afirt f 

Because it flows towards the fire-place, to ooeupjr 
the vacancy left by the air that lata undergime deoom- 
position, and which, in its turn, becomes decompoaod 
also. Hence, a supply of caloric is furnished vnthout 
intermission, till the whole of the combuatible ia attn- 
rated with oxygen.— Ponlfcef. 

^f%f do not eoaliy woody Sfc hting wmkuMiMt Ml 
fireonexposurttotheair^ 

Because all such bodies require to have a 
preparatoiy temperature before beginning to 
"^th the oxygm of the atmoi^Vicxe. 
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ffliy is heat produced by combustion ? 

Because of the decomposition of the oxygen ^ 
of the atmosphere ; for, as the oxygen combines with 
the combustible body, it disengages the caloric which 
m held when in the state of a gaseous substance. Or, 
to speak with more precision, the act of combustion 
efiects a real analysis of atmospheric air ; for while 
the oxyffen combines ^vith the combustible, the caloric, 
in the rorm of sensible heat, is thrown off in every 
direction.-^ParA:e«. 

Ffhy do lamps unth many wicks, placed near each 
other, give much more light than the same number of 
wicks would, if placed in separate lamps ? 

Because the light given out by a combustible body 
is in proportion to the elevation of temperature ; and 
in this case the many wicks communicate heat to each 
other. 

Why is oxygen apotoerful supporter of combustion^ 

Because it is more abundantly diffused throughout 
nature than any of the other elementary bodies ; it 
forms eight-ninths of the weight of water, about one- 
fifth of the weight of the atmos[)hcre, and a relative 
proportion of the earthy and mineral bodies which 
form the solid matter of the globe. Hence, it is pre- 
sent everywhere, and ready to unite itself with any 
matter exi)osed to it at the necessary temperature. 

fFhy is oxygen gas called vital air ? 

Because it is a powerful supporter of respiration. 
Thus, a small animal confined in oxygen gas, lives 
thrice as long as when confined in the same bulk of 
common air ; but we are not thence to conclude that 
it is fit for the support of life ; on the contrary, an ani- 
mal made to breathe oxygen for any length of time, 
fidls a sacrifice to excess of arterial action ; and after 
death, the blood in the veins is found as florid as that 
in the arteries. — Brande, 
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Why is U considered (hat oxifgen tadie$ traft Ae ttm' 
hisHiU body in Vie act ofhurnvng;9 
Because, if a substance be Durnt in a anfficMOt 

Suantity of oi^gcn gas, in a close Teflsel, and tlie pio- 
uct preserved, the whole will be found to be inercM- 
ed in weight exactly in proportion to the oxygen gtf 
consumed, and the combustible body will then hif9 
become incombustible. — Parkes, 

Fourcroy observes, ^ this view of combusdon autho- 
rises us to divide ahnost all the productions of natim 
into two grand classes; one of combustible bodiei^ 
the other of ImmIjcs already burnt ; .in the h mu w ob and 
action of the former we discern the causes of uiflam* 
mable meteors, the perpetual alteration of the surfice 
of the earili, volcanoes, &c. In the existence of the ^ 
latter we perceive the soiuxse of the number and divw* 
sitv of acids, saline comjiounds, oxides, and metal^ 
salts, which vary in a thousand ways the appearance 
of ores, fcc." 

fVhy is not a goblet, when pushed into waUr vnOi fk 
mouth doumuHzrds, filed tcith water f 

Because the air in the goblet resists the entranee 
of the water; and, if the gpblet be inverted over t 
floating lighted taper, this will continue to float und« 
it, and to bum in the contained air, however deep in 
the water it be carried, exhibiting the cunous phe- 
nomenon of a light below water, and itself an emuem 
of the living inmate of a diving bell, which is merely 
a larger goblet, widi a man instead of a candW— 
Amott. 

Why is the name fuel given only to the stubttamem 
which combine with oxygen, and not to Uie oxjfgem d" 
se{ff 

Because, probably, the former bemg solid or laxfMi 
and therefore more obvious to sense, were known m 
producers of combustion long before the exfatanoe of 
the aeriform mgredient was even suspected^— k^noAL 
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Why does a candle or lamp smoke ? 

Because the heat produced by it is not sufficient to 
effect the total combustion of the carbon, which rises 
in its flaine. — Amott. 

SPONTANEOUS COMBUSTION. 

ffhy are human bodies sometimes destroyed hy spon^ 
taneous combustion ? 

Because of a new arrangement of the muscles, ten- 
dons, viscera, &c. ; or new products originating from 
their degeneration. 

Numerous uistances of this mortal catastrophe are 
recorded. M. Julia de Fontenelle, in a paper lately 
read to the Academy of Sciences at Paris, describes 
fifteen cases, from the details of which the following 
general results are obtained : — 

1. Generally those who have died by spontaneous 
combustion, have indulged in excess of spirituous 
liquoi-s. 2. The combustion is almost always general, 
but in some cases it may be partial. 3. It is rare 
amongst men ; and the women have in almost eveiy 
case been aged. 4. The body and the viscera have 
lilways been burnt, whilst the feet, hands, and crown 
of the head have almost always been saved. 5. Al- 
though it is known by experience that a very large 
cpiantity of wood is requisite to burn a corpse, this 
j)articular kind of incineration occurs without inflam- 
ing the most combustible substances of an ordinary 
kind near it. 6. It has not been shown, in any case, 
that the presence of fire is necessary to commence 
this kind of combustion. 7. Water, instead of extin- 
guishing the flame, aj)pears to give it more activity; 
and when the flame has disappeared, the combustion 
proceeds withm. 8. They occur more frequently in 
winter than in summer. 9. The cure of general com- 
■ biistions has never been effected ; but sometimes that 
of partial ones. 10. Those seized with combustion 
. experience a sensation of strong internal heat 11. It 



Professor James 
interesiiiig qiiestioij : ^ wo ( 
8iibj<?rtii, mill ftliii'fly in won 
comlitioM of lire lyo*{\\ wliirih, i 
irenii! tlrlnlky ocritsioiietl liy 
vity, and the ftlniB^ of tipirituous] 
to a spoil tauRotis comhuatioD. 
coosiJeriag as ike material causl 
eittier alcohol, or liydrogeu^ or 
fat. If alcolitil |>lays a promme 
bustion, it 18 hy cootribiiting to] 
is to say, k proihieeg, n]on^ with V 
tionerl, the ile^enenitioii of whk 
which gives rise lo new pro<luc 
buslible iialiirej the reuetion of w 
combustioD of ilie hoily»" 

A curious case of the combuptio 
in whicli the patient recovered, ia 
c(d Journal f 1830. 

CHARCOAL, 

Whjf do f ffmtw tmods afford 6 
ciwrcoal'^ 

BeciiiiM6 Dfjh^i^y^Sifii^^ii 
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that city ; and during the lapse of seventeen. hundred 
years the charcoal has remained as entire as if it bad 
been formed but yesterday ; and it will probably con- 
dnue so to the end of the world. The incorruptibiUty 
of charcoal was known in the most ancient times : the 
&mous temple at Ephesus was built upon wooden 
piles, which have been charred on the outside, to pre- 
serve tliem. — WaisoiCs Chemical Essays. 

A new process for manufacturing charcoal, is to fill 
all the interstices in the heap of wood to be charred, 
with powdered chai-coal ; the product is equal in qual- 
ity. The effect is produced by preventing much of 
the access of air wliich occurs in the ordinary method. 
The volume of charcoal is increased a tenth, and its 
weight a tenth. — BvlUtin Universel, 1830. 

Professor Silliman, in his Journal, (1830) says, that 
in the United States, wood is charred in brick-kilns, 
with openings at the top and sides, under regulation ; 
and the charcoal thus obtained is exceedingly good, 
and more abundant than by the old mode of burning. 
Wood has also been cliarred at low temperatures. 
Thus, on making extracts, in wooden vessels, with 
steam of very moderate pressure, all the apparent 
effects of burning may be produced ; but the carboni- 
zation of the wood is not so complete as by flame. 
This fact is j)ractically illustrated in the Philosophical 
Magazine, 1830. 

The application of charcoal to various purposes of 
domestic economy has been already noticed in Part 1 
of the present work.* 

JVhy does heated charcoal produce combustion ? 

Because the mutual cohesion of its particles is so 

weakened, that is, tlie particles are so repelled and 

separated from each otlier, that their attraction for the 

oxygen in the air around is allowed to operate, and 

* See DoMsaric Science, p. 6. 
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they combine with that oxygen, so as to produce Ab 
above phenoineuon. 

JVhy does charcoal ittcrease in weight on exposvart fo 
(ht air after burning'^ 

Ik'caiise it is a very hygrometric substance, and 
thor(>forc al)sorl)s air and moisture in considenbfe 
qiiniitity. — Brande, 

Why do sailors ai sea throto pieces of burnt btscuU tn 
bad water ? 

Because it serves as charcoal in destroying the 
putrid flavour of the water, and rendering it compa- 
ratively fresli. 

}fhy does fresh charred toood, or charcoal^ tmprvtt 
the flavour of spirits '.^ 

lierause it destroys the e&sential oil, or empyreu- 
matic flavour whicli the spu*it may have contracted in 
distillation. 

GUNPOWDER. 

fVhy do mixed nitre, sidphur, and charcoal^ or gWr 
powder, exjdode with heat; whereas, while cold, thtjl 
may be mixed together most irditnately without cuiy 
change ? 

Ik'causo, by the change of temperature, and the 
consecjuently alt(!rcd relative attractions of the difl^e^ 
ent substances, a new chemical arrangement of them 
takes place with the intense? combustion and expansion 
which constitute the explosion. 

The proportions of tlie ingredients of gunpowder 
vary. The following are those usuidly employedr- 

Coniinon Shooting Bhooting Minera 

Towdtir. Ft)wder. Powdor. Powder. 
Saltpetre 7r).0 78 70 65 

Charcoal 12.r> 12 15 15 

Sulphur 12.3 10 9 90 

The latter contams the smallest quantity of salfipetn, 
as it requires less quickness or strength. The mgie- 
dients are perfectly mixed, moistened, beaten into ■ 
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ci^ which is afterwards broken up, granulated, 
dried, and for the finest powder, polished by attrition. 
— Brcmde. 

Why w tron excluded from potoder works ? 

Because it is liable to cause sparks by a blow. Brass 
and copper have been recommended in its place ; but 
Col. Aubert has remarked that brass can inflame pow- 
der, and has made expeiiments on the subject before 
a committee, the result of which is as follows : — In- 
flammation of the powder takes place when the blow 
is given by iron against iron ; iron against brass ; brass 
agiunst brass : iron against marble ; lead against lead, 
or against wood, when the blow is produced by a 
leaden ball shot fix)m a fire-arm. As yet, powder has 
not been inflamed by the blow of an iron hammer 
against lead or wood.— »BitZ/ehw Universd. 

Why 18 steam likdv to s^ipersede gunpowder in the 
diseharge of artiUery ? 

Because the elastic force of liigli -pressure steam 
liavinff much greater range than that of gunpowder, 
is inmiitely better calculated for projectiles, indepen- 
dently of any saving of expense. It is estimated by 
Mr. Perkins, that the projectile force of steam is ten 
times greater than that of gunpowder, in throwing a 
ball to a given distance. 

Why do ^Prometheans^ suddenly inflame on pres- 
suref 

Because they consist of small glass bulbs, filled with 

5 concentrated sulphuric acid, hermetically sealed, and 

surrounded with a mixture of inflanunable materials, 

amongst which the chlorate of potash forms one ; and 

the i?^ole being again inclosed or surrounded with 

paper, also rendered »till more inflammable by means 

of resinous matters. Upon p'mching the end contain- 

E> ing the glass bulb, between uie jaws of a pair of pliers, 

Pr the bulb iM'eaks, and the sulphuric acid instantiy kin- 

I (Ilea die surrounding materials. 

55 
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v.jlcamc rii£- 

B«'aii*r. ai.'in^piir.i r.) di»» mom, recendy obseired 
phrnoRitrr.a, thev -lit^pt^nd upi>D the oxidanon of the 
iri^rAis of thr r-arj*s upt^a ati extensive scale, in im- 
meii.'it: su'rjternmeaii oaviiies. to which water or a&nos- 
phtrrir air may i>*i:a^ii>ually have access. The sub- 
terrar.ean thiiinler h»^anl at sreat didtances under 
Vpsunua. priijr ti> aii eniptioa, indicates the vast 
extent of uitrsm ravitit s : aiul i\\k existence of a tub- 
tPrranfrancoifiiiiunifaiiMii b»»twi»»»n the SoltiaarTm and 
Vesuvius, is estaMiriheii hy the liu't that whenefertbe 
laner is iu au arrive state, the former is conipamti^'ely 
tranqiiit. In t'oiiriniiation uf ihes^ \-iew3, the author 
remark*, that almost all the volcauoes of considerable 
rnaffuitude in tiie old worid. an? in the vicinity of the 
«ea ; arid m those where the sea is niore distant, as in 
tiie volranoes of South America, the i^-ater may be 
supplied from sTPat s>uhterrauean lakes ; for Humboldt 
Btatps that some of tlieni throw up quantities of tish ." 

The phenomena obsen-ed by the autlior afford a 
8iitfiri*'nt nfuiation of all the ancient hypotheses^ in 
which volcanic tires were ascril)ed to such chemical 
cauw;s as the conilHii^tion of mineral coal, or the ac- 
tion of sulphur U[>on iron ; and are perfectly consistent 
The author acknowledges, however, that the hypothe- 
Hin of the nucU'Ms of the glolw l)eing composed of 
matter lif|uified by heat, offers a still more simple 
Holurion of the phenomena of volcanic fires. — Sir H, 
JJavy^ Philosophical Transactions, 

On these phenomena, Baron Humboldt says, "Ob- 
servations nuuie in all countries, in mines and caves, 
[irovc that, even at a small depth, the earth's heat is 
much HU[>erior to the temperature of the surrounding 
atmosphere. A fact so remarkal>le, and elicited from 
observations made in almost every part of the globe. 
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connects itself with what we learn of the phenomena 
of volcanoes. La Place has even attempted to deter- 
mine the depth at which the earth may be considered 
as a melted mass. Whatever doubts may be enter- 
tained, notwithstanding the respect due to so great a 
name, as to the numerical accuracy of such a calcu- 
lation, it is not the less probable, that all volcanic phe- 
nomena arise from a single cause, which is the com- 
munication constant or interrupted, that exists between 
the interior of our planet and the external atmosphere. 
Elastic vapours, by their pressure, raise through deep 
cnviGes the substances which are in a state of fusion, 
and which are oxidized. Volcanoes are, so to speak, 
entermittent springs of earthy matters. The fluid mix- 
tures of metals, ukalies and earths, which condense 
into currents of lava, flow gently and slowly, when, on 
being raised up, they once nnd an issue. 

Why does water appear necessary to produce volcama 
Jbref 

fiecause the most active volcanoes are in the imme- 
diate vicinity of the sea ; some are actually beneath 
the sea ; and only extinet volcanoes are found &t in- 
land. 

fFhy are earthqtuxkes and volcanoes supposed to be of 
ike same origin ? 

Because of the fi'equency of earthquakes in volcanic 
countries ; and when they occur in non- volcanic coun- 
tries, remote from volcanic fires, or their occurrence, 
die coincidence of distant volcanic eruptions. It is 
a remarkable circumstance, also, that the shocks of 
earthquakes are most severe in non- volcanic cx>untries, 
such as Lisbon and the Caraccad. — JSTotes in Science, 

Why do hot springs occur in the very vicinity of aU 
active volcanoes 7 

Because, probably, such waters owe then* tempera- 
ture to their passa^ through channels heated by vol- 
canic fire. — nerzdius. 
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Whif dft vokanoes throw oid pumice *fone ? 

Bet^aiise the. light-coloiured, or whitish porous lava 
bi?coiiiJDg iibroiiK, pass iiito tlie above light spong 
stone. 

Hli}^ is pumice sione somttimes seenjloating on 
scaf 

Because it is produced by submarine volcanoes, 
break out at such vast depths under ihe ocean, ihi 
none of their products reacli the surf ace, except sue 
as are hghter llian water. Pumice has been 
floating upon thti sea over a space of three hutu^ 
mile*, at a great distance Ironi any volcano, 

ffh^ is puizolano tised for huildijig in tmttrf 

Bectiuse, when niLsecl with lime, it speedily fij 
itself, and the water does not soften it, for it becomi 
continually harder and harder. The lime found abiu 
dantly at Dorking, in SiuTey, has a similar pro 
of hardening under waCen 
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POPULAR CHEMISTRY 



QtrUmmedfram Fart V. 



THE DIAMOND. 

% If tasfbvn hnoion by Oie names of diamond and 

icause the two latter substaiices, although te dil| 

HI almost oppMOsite, in physical characters, are^ 
to unexceptionable experiments, almost che- 
^ esame. 

lat diamond is simple carbon, is shown by the 
iring experiment. M. Morveau exposed a dia- 
d to intense heat, shut up in a small cavitjr in a 
» ef tough iron. When he opened the cavity, he 
d tibe diamond entirely gone, and the iron around 
averted into steel. This shows that it is pure car- 
which combines with iron to form steel, and not 
coal, which is generally an oxide of carbon. The 
iliar hardness of steel is to be ascribed to itsmdon 
: a portion of pure carbon, or diamond. It Is no 
ymmon thing ror jewellers to expose such diamonds 
« fbvl^ to a strong heat, imbedded in charcoal, to 
ler them clear; but, in this process, great care is 
Q to have a sufficient quantity of charcoal, to ex- 
e the atmospheric air : otherwise, the intense heat 
Id produce combu6tion.^Parfte« 



— uiy ui Oil eiBuieni, mytiro^n; less, in a 
l-60,000tli part of me weight of the si 
eioii so great ft diflereut'e in physiea 
chaitictert* ? " In the Philosopkical 5 
1797, is rt'laled Mr. Srnitljtw>ii Tt^onai 
proviDiT the khintitj^ of thrHt? two suhst 
**It will appc^ai", from esperiiripnts, tin 
consists einirely of charctml, tlitfering 
stale of thfl-t Hiiljstnuce only hy itis ciysti 
mifl Dr. Ure ihuiks tliis opinion to be c 

Thfi identity of rliarcoiii and dinnioi 
hisU'uted in tlie i olio wing experiment* 
Dtivy exposed eharcoiii to intense ign 
aiiti bi condeu!*ed azote, hy means of 
miiginfif^ent hattjery, wheo it alowJy ^ 
gave out a little hjTlrogen. The romaio 
nmeh Imrdcr thae hefbre, and in one ci 
to scmteh glass, while its hiHtre was in 
fine experiment mny he regarded as a 
to the produdion qfdiamomi ; and we b( 
ilar experiinents of French eliemista hai 
succeBsttil. 

JVhy da JVcwt&n if|/er thai the dianm 
maUe? 
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FkMrentine Academicians proved its destructibility by 
heat, by means of a burning lens. The products of its 
combustion were first examined by Lavoisier, in 1772, 
and Bubgequendy, with more precision, by Guyton 
Morveau, in 1785. Mr. Tcnnant's experiments, just 
referred to, demonstrated the important fact, that when 
eq|ual weights of diamond and pure charcoal were sub- 
mitted to the action of red-hot nitre, the results, in botli 
cases, were the same ; and, in 1807, the combustion of 
the diamond in pure oxygen, was found by Messrs. 
Allen and Pepys, to be attended with precisely the 
same results as the combustion of pure charcoal. Hence, 
observes Brande, the inevitable inference, that charcoal 
and the diamond are similar substances in their che- 
mical nature, difiering only in mechanical texture. 

The combustion of the diamond may be modt con- 
veniently and perfectly effected, by placing it upon a 
plarinnm capsule, in a jar of pure oxygen, inverted 
over mercury, and throwing upon it the focus of a burn- 
ing lens. Sir Humphry Davy, when at Florence, in 
1814^ iPhU,' Trans.) used for this purpose the same 
low wnich was employed in the first trials on the action 
of solar heat on the diamond, instituted by Cosmo III, 
Grand Duke of Tuscany ; he found, that when strongly 
knited bjr the lens in a thin capsule of platinum, per- 
muted with many orifices, so as to admit a fi'ee circu- 
ktion of air, the diamond continued to bum in the 
oxygen, after being withdrawn fi'om the focus, with so 
briluant a li^ht as to be visible in the brightest sun- 
shine, and with very intense heat The results of these 
experiments demonstrate, that diamond afibrds no 
ocher substance by its combustion than pure carbonic 
acid gas; and tha^ the process is merely a solution of 
dismond in oxy^n, without any change in the volume 
of the ga& It hkevnse appears, that, m the combus- 
tion of the different kinds of charcoal, water is pro- 
duced; and that, firom the diminution of the volume 
of the oxygen, there is every reason to believe, that the 
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I 

H wntrr is rnrtiinl by \]w coinhufltjon of the hydrog 

ixiHiiii^ ill Htroii^'ly i^iited charcoal. 

Hhif in purr carbon^ or dianumdj so scarce, wkSk 
runiftoHiuhj in dijfvnnit states^ art so abtmdanUy i 
prrHid '/ 

KcriiiiHi', ((ilwiTVi'N ail ominoiit chemist*) <*thefn 
(In- cniisiHtH niily in \\\v opiMmitiou between fiicti i 
niirniiiiiioiiH; it disiippcarH in proportion as we disco^ 
ami iip|)n)|>rtiitit \\\v powcrH of nature to produce I 
HiiiiKf circctH. *\\\ i\\H\w\ i\w aHtonishment of thoeen 
ini;j:lit <*nMHi<|iT this a ^n>uii(l of distrust, I shall remi 
ilii'iii tlifit iiliiininoiiH rnrth irt likewise one of the co 
iiKiiM-Ht HiihHtniiccM, though tho adamantine spar, 
\vHH I'liri' tliiiii tli(^ (lianioiul, is nevertheless alunui 
lliiii iniii rxiniM vwvy wlirre, under every fbrm,exo 
ill tlir Htiitr (ifiMiniy ; find tiiat the existence of nat 
iniii in Mtill doiihtliil." Siiu'otiic preceding obsenratM 
wvvv uriticM, tiiiiiv(t iron is stattui to have been fou 
ill Ciuiiiiiii, ill the rnitcd Statos of America. 

DiiiiiioiidH nri' usually lound in an ochreous, yell 
rnrtii, under rocks or^Tit-stnn(>; they are likewise fbi] 
drtnriicd, in torrents, wliicii have carried them fr 
linir hrds. They have no hrilliancy when dugout 
tlie earth, hut are covered with an earthy crust. 1 
diiunond was tirst discovered in Asia, in the provin< 
or(Jolcoiida and Visa pour, in Bengal, and in the isle 
of Horiieo. Ahout the yc^ar 1720, diamonds were £ 
found in lirii/il ; and a minute account of their c 
r(»very will he louiid in a volume of travels in tl 
country, hy the late Mr. Mawe, one of the most dirt 
guislied mineralo|;ists of his time. 

TIh^ primitive form of the diamond is the reirei 
octoeidron, each triangular facet of which issometin 
replaced hy six secondary triangles, bounded by cun 
lines ; so that the crystal becomes spheroidal, and p 
wiiitH forty-eight facets. Diamonds with twelve 8 
twenty-four meets, are not uncommon. 

* Dr. John Thomion, notes om Fowtroy. 
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' 1MU it supposed thai the diamond miglU contain 

vase of its high refractive power. Such was 
sa of MM. Biot and Arrago. According to 
'the elements of which a substance is composed, 
fwn, their proportions may be calculated with 
BBtest accuracy, from their refractive powers. 
he finds that the diamond cannot be pure car- 
at requires, at least, one-fourth of hydrogen, 
has the greatest refractive power of any sub- 
, to make its refraction commensurate to its den- 
\ir Humphry Davy, from the action of potassium 
nd its non-conduction of electricity, suggested, 
iiird Bakerian lecture, that a minute portion of 
1 might exist in it ; and he threw out the idea, 
might be the carbonaceous principle, combined 
wne new, light, and subtle element, of the oxy- 
I and chlorine class. — Ure, 
f has the diamond so great lustre 9 
luse it reflects all the light falling on its poste- 
irfiice at an angle of incidence greater than 
'. Artificial gems reflect half of this light 
base of all artificial stones is a paste composed 
E, potash, borax, oxide of lead, and sometimes 
J, The best silex is obtained firom rock crystal, 
e next best fi*om white sand, or flint 
r are diamonds used' for the lenses of microscopes ? 
Buse they show us the real object, without any 
le aberration, like that produced by glass lenses. 
rises from the enormous refitu;tive power pos- 
by the diamond, and the consequent increase of 
Ication, with very shallow- curves. Again, the 
ion of diamond is nearly three- times that of 
hence, in equal refi*actions, its dispersion will 
f one-thu'd of the latter. 
have elsewhere* noticed the cutting properties 

* See Part X. Arts and MmurftKtures, p. Sfi. 
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of the diamond. Dr. Wolkston, in the PkSoaojfikud 
Transactional has clearly shown that it is only m tk 
natural state that diamond can be depended upon to 
cut or divide panes of fflass ; and even then, a pntie* 
ular crystallization is absolutely necessary. Tlie ifii^ 
mond has also been employed in ornamenting. UmL 
Thus, Mr. John Barton, of the Roy^ed Mint, bv pn»- 
duced the most beautiful display of prismatic eoloiin^ 
by divisions, 2000 in an inch, the lines being made 
with a natural diamond. It would be impossible to 
convey the smallest idea of the exquisite iKiauty and 
play of colours that are produced by these means. 

Why 18 the sapphire used for the lenses of micrfh 
scopes ? 

!Because, after the diamond, it possesses a stronger 
refraction than any other substance, capable of giving 
a single image, whOe its dispersive power is very low. 
The faint blue tinge of the sapphure is not felt in thin 
small lenses formed of this substance, which thus comes 
next in order to diamond ones, and forms an excellent 
substitute for the use of those persons unable to afibrd 
the expense of the latter. 

fVhy is the value of a bnUumt-ctU diamond esteemed 
equal to thai of a similar rough diamond of twice thi 
weight, exclusive of the cost of workmanship ? 

Because, by cutting and polishing, but especially 
by the former, so much is taken away, that the weight 
of the polished gem does not exceed half that of the 
rough stone. The art of cutting and polishing dia- 
monds, though probably of remote antiquity in Asia, 
was first introduced into Europe by Louis Berghen,of 
Bruges, who accidentally discovered, that, by nibbiiig 
two diamonds together, a new fecet was produced. 

The weight, and therefore, the value, of diamonds, 
is estimated in rarats, 150 of which are about equal t» 
1 oz. troy, or 480 grs. They are divided into hahree^ 
quarters, or carat grains, eighth, sixteenth, a» 4 liity- 
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■eeond parts. The difference of value between one 
diamona and another, is, generally speaking, as the 
squares of their respective weights : thus, the value of 
three diamonds, of one, two, and three carats' weight, 
mpeotively, is as one, four, and nine. The average 
price of rough diamonds is estimated at 2{. per carat ; 
and consequently, when wrought, the cost of the first 
carat^ exclusive of workmanship, will be 8/., which is 
the Value of a rough diamond of two carats. 

£ 
A wroaght diamond of 3 carafai is worth 73 

4 126 

5 200 

10 800 

■ 20 3,200 

30 7,200 

12,800 



50 90,000 

60 28,800 

100 80,000 

This mode of valuation, however, only applies to 
tanall diamonds, in consequence of the difficulty of 
<^¥iHitig purchasers for the larger ones. 

ffhf are dHamonds caUtd male and female 7 
Beouise a hard and soft stone are often united in the 
aame gem ; the bard stone being called by diamond 
cutters a Ae, and the soft one, a she. 

Wkjf 18 a diamond said to be of the first waters 
Be^se it is perfectly transparent and pure. The 
BDOW-white diamond is most highly prized by the jew- 
eller. Diamonds have, however, been found nearly of 
all colours : next to the colourless, in esteem, are those 
of a decided red, blue, or gre«n tint. Black diamonds 
are extremely rare ; those which are slightly brown, or 
tiiumd only with other colours, are least valuable. 

The lai^est known diamond is probably that men* 
tioned by Tavemier, in the possession of the Great 
MoffuL Its size is about that of half a hen's egg ; is 
cut m the rose form, and when rough, is said to have 
wmfjtkdd 900 carats. It was found in Golconda, about 
56 



ny purcnnsea ny uw i^m 
for the sum of £J^>Oj(X)0 in ready mom 
ity of £4000. Perhaps the moat perf 
diairiond liitherto founrl^ isabrilliiiDE J: 
dia by im Endisb g^'jitlciniin, iiiuiied 
to diP RegeiJi Duk<? of Orleans, by wJi 
aiiion|]f the cromi jewels of France, 
more tliati 136 carats, and waspurchai 
'— Brands, 

Dmraoods, pqual to those of Brazil, 
recently fouad in the Unil chain 
Kus&ia. 

PROPERTIES OF CARBOf 

ffhif is carbon so {mporianl in iht veg 

Beraiiae it is not only a component j 
nearly the wboI« of ihti solid Ijasis of 
and theij intinitc varieties may he a 
di(ferentmoditi<'mions of rar^wn, ns \vi 
principh?s which enter into their consi 

ffh^ are so many jjroduds of vegetc 
carbon for their produce '^ 

BeeftuBP carhcm not only constitutes 
woodv fibre, hut is a component part t 

nil kiiidii) ni' ^v»v miI« tnttma ii.»^l fi.aU. 
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affinity to oxygen, that when assisted by heat, it will 
take it from both substances with which it may be 
combined ; and in certain proportions, they form car- 
bonic acid gas. The composition of carbonic acid has 
been proved by analysis, as it has been actually decom- 
posed, and the charcoal or carbon exhibited entire. 

Why teas carhonic cudd also calMfxtd air? 

Because it was so intimately combined in chalk, 
lime-stone, magnesia, &c. It is to Dr. Black we owe 
the discovery of carbonic acid gas. Mr. K«!ir was the 
first who suspected it to be an acid ; and Dr. Priestley 
afterwards announced that a portion of it was always 
found in atmospheric air. 

Again, it is probably decomposed by. the organs of 
plants, its base furnishing part, at least, of the carbon 
that is so abundant in the vegetable kingdom, and its 
oxygen contributing to replenish the atmosphere with 
that necessary support of life, which is continually 
diminished by the respiration of animals, and other 
cause. 

Saussure found carbonic acid in air from the sum- 
mit of Mont Blanc ; and Humboldt discovered it in 
air brought from a height of many thousand feet, to 
which he had ascended in a balloon. Its production 
m the lungs is easily shown, by blowing the expired 
air through lime-water, by means of a small tube : it 
becomes milky, and soon deposits carbonate of lune. 

During the past year, likewise, Saussure has com- 
municated to the Physical and Natural History So- 
ciety of (Jeneva, some interesting experiments, to 
determine the variations of carbonic acid in the atmos- 
phere. He found, that, near Geneva, 16 metres above 
the level of the lake, 10,000 volumes of air contained 
4.15 of carbonic acid, as the mean of 104 experiments, 
made day and night, and at all seasons of the year ; 
the air being taken four feet above the ground. An 
increaaed quantity of rain appeared to diminish that 



wiud were strof%n 
The greater qiiiirjtity of carbonic 
nighl^ is attributed to the want of i 
arises ii*otri vegetation during lh< 
favours tlie explauation of tlie abc 
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country thmi in tne iowtk The! 
tains more ciirbonic acid than t^ 
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decomposirion of the acid occi 
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Jff% is a blue flame so qfltn 
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Workmen ought never to venture into such places 
\rithout previously letting down a lighted candle. If 
the candle bums, they may enter safely ; if not, quick- 
lime should be let down in buckets, and gradually 
qirmkled with water. As the lime slacks, it will ab- 
sorb the carbonic acid gas, and the workmen may af* 
terwards descend in safety. — Parkes, 

In these cases, the carbonic acid issues fit)m crevices 
in the earth, and is produced by unknown sources. 
Similar accidents happen to persons incautiously de- 
scending into brewers' vats, before they have been pu- 
rified fi*om this gas. We were told of three or four 
such cases at the brewhouse of Messrs. Barclay and 
Perkins, as we were walking over their stupendous 
store-vats a few years since. 

The noxious properties of carbonic acid, or choke- 
damp, in mines, have already been noticed in connexion 
with the ScLfety Lamp. (See p, 54, d acq.) 

Why do persons experience d\fieidiy of breaUving, 
giddiness,^ and faintness, in crowded and iUwmnaJUd 
rooms, which are ill-ventilated f 

Because of the excess of carbonic acid which is al- 
ways produced by the respiration of animals. In like 
manner, some, manufactories are very unhecdthy ; as 
all common combustibles, such as coeJ, wood, oil, wax, 
tallow, &c. contain carbon as one of their component 
parts ; so the combustion of these bodies is always at- 
tended by the production of carbonic acid. It is not, 
therefore, surprising, that carbonic acid should be al- 
ways present iq tlie atmosphere. Indeed, the great 
wonder is, considering the abundance of its sources, 
that it does not accumulate to an injurious degree, 
as it certainly would, without one of those admirable 
and providential compensations which perpetually 
strike us among the laws of nature ; by which it is 
provided, that the process of vegetation should remove 
the contamination produced by the animal part. 

56* 
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Carbonic oxlde» when renired, m fttal to i 

life. SirHumphry Davy took three Insplrrtiaai of it 
mixed with abcHit cme^rarth of ocMDinon air ; Ae ellbet 
was a temporal^ loflB of amaatioii, idiich was moooeded 
by ffiddineflB^ sickneoBy acute pains in diffbnent porta of 
the Dody, and extreme debility. Some dm elm ed 
before he entirely recoyered. Since then, Mr. Witter 
of Dublin was struck down in an apoplectic oonditioa 
by breathing this gas; but he was speedily rastoted 1^ 
the inhalation of oxygen. 

Why Kent workmen often lost fheir Iwes hy dt^fhig 
ioo near limekUns f 

Because carbonic acid gas is extricated from die 
kilns in great abundance. 

This brmga to our recollection an incident^ which 
occurred a few years back at a limekiln acyoining the 
old Bristol road, and manifests how perfectly inaeiuiMe 
the human frame may be to pain in peculiar circum- 
stances. It is related by Mr. Leonard Knapp, in his 
interesting Journal of a Jstaturtdist^ and though not 
exclusively iUustrative of the above question, we are 
induced to quote his narrative : — *^ A travelling man 
one winter's evening laid himself down upon the plat- 
ferm of a limekiln, placing his fe»et, probaoly numbed 
with cold, on the heap of stones ne^^r put on to biun 
through the night. Sleep overcame him in this situa- 
tion ; the fire gradually rising and increasing, until it 
ignited the stones upon which his feet were placed. 
Lulled by the warmth, he still slept ; and though the 
fire increased until it burned one feot, (which probably 
was extended over a vent-hole) and part or the leg^ 
above the ancle, entirely off, consuming that part so 
effectually, that no fi^ffment of it was ever discov^^ 
— ^the wretched man slept on ! and in this state was 
found by the kiln-man in the morning. Insensible to 
any pain, and ignorant of his misfortune, he attempted 
to rise and pursue his journey, but mianng his uioe^ 
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I to have it found ; and when he was raised, 
natdnghifl burnt limb to the ground to support his 
oody.uie extremity of his leg^bone, the tibia, crumbled 
into fragments, having been calcined into lime. Still 
he eanpressed no sense of pain, and probably experi- 
coced none, from the gradual operation of the fire, 
and his oym torpidity during the hours that his foot 
was consuming. This poor drover survived his mis- 
fiirtunes in the hospital about a formight ; but the fire 
having extended to other parts of his body, recovery 
ifw hopeless." 

Wht art dogs kUkd by cniering the * Grotto dd cano^ 
w Btiyy wkUe man enters mth sc^eiy 9 

Because the floor of the grotto is lower than the 
door, and this hollow is always fiUed with fixed air, 
-which can rise no higher than the threshold, but there 
flows out like water. It has been a common practice 
to drive dosB into this cavern, where they sufifer a tem- 
porary deaUi for the entertainment of the passengers ; 
iNit a man walks in with safety, because his mouth is 
6r above the sur&ce of this deleterious air. The lake 
of Avemo, which Virgil poetically describes as the en- 
trance to the infernal regions, evolves so large a quan- 
tity of this ^fi, that bir£, flying over it, drop with suf- 
focation. — Pcarkes, 

Whf does carbonic add gas JiU the amarentty empty 
gpaecy or upper part of th^ vessels, in vmch^vinoTis ftr- 
wuaiiation is going on ? 

Because of the great weight of die gas, which pre- 
vents its ascent. Dr. Ure observes, " a variety of strik- 
ing experiments may be made in this stratum of elastic 
fluid. Lighted j)aper, or a candle dipped into it, is 
immediately extmguished ; an'd the smoke remaining 
in the carbonic acid gas, renders its surface visible, 
which may be thrown into waves by agitation, like 
water. If a dish of water be immersed in this gas, and 
fariakly agitated, it soon becomes impregnated, and ob- 




liquid. The eflfecte produced by pou 
fluid from one vessel to an other, hav 
appeanmce : if a candle or srnail imi 
a deep vessel, the former bccomea ex 
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its density hdiig so niucli greater tlia 
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Carlxinic aeid lias a pcxuitiar, sharp 

"dily be perceived over the vats IB 
T, is leneentin^, as also in sparkl 
and the brisktT kinds of fidcT. it con 
of oxy^rn 72.7:^, the oiher *27J98 bei 
It not onJy destroys life, but the hear 
animals killed by it, lose all fhf^ir irri 
be insensible to the Btinmius of ^wlvaj 

Butterflies and other inserts, of wt 
to preserve the etdoiirH iinimpQired, ii 
conveniently suffocate il Uy this gas. 

fVhy has soda icakr a brisk^ shwr} 
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to the presence of this gas, and they are often imitated 
bj eandBDBJng carbonic acid into water, either b^ a 
cnndftTMiing pump, or by a Nooth's apparatus, consist- 
ing of three vessels connected, which the observant 
nader may have noticed in the shops of chemists. We 
liKve already mentioned the water of Pyrmont : Spa 
and Seltzer are also instances : the last particularly, is 
higfahr impregnated with this acid. These waters are 
to pleasant and salutary, that various imitations of 
them, made in this country, are sold under the names 
of mntAe and double soda water. They are manu&c- 
tured by several houses in London, equal in every re- 
nect to the natural waters imported from the continenL 
oehzer water is, we know, frequently introduced at the 
dinner tables of the wealthy, in tall stone bottles, suni- 
lar to those used for beer in France and the Nether- 
lands, and formerly used for spruce-beer in this country. 

The strength of soda water, or the quantity of car- 
bonic acid gas which it contains, is not, however, its 
main excellence ; it should also contain soda. We know 
a patentee of soda water who nearly lost his life by ex- 
perimenting upon the strength of his apparatus, which 
once burst witn tremendous violence ; the copper of 
the vessel, though of considerable thickness, was riven 
or torn asunder : he showed one of its fragments to Sir 
Humphry Davy, who requested it for his laboratory. 

Carbonic acid gas may be rendered liquid by great 
presmre, and Mr. Brunei has endeavoured to apply 
this liqiud as a mechanical agent for the production of 
motive power. 

ffhf are carbonates so cdUed) 

Be^uise they are combinations of carbonic acid with 
the alkalies, metallic oxides, in earths, and in stones ; 
particulariy in chalk, limestone, and marble. Thus, a 
cubic inch of marble contains as much carbonic acid 
in o(»nbination, as would fill a four-gallon vessel when 
in die state of goa.-^Parkes. 
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Why 19 plumbago improperly coiled black leadf 

Because it consists of irou, and a certain proportion 
of carbon ; and thus, there is no lecut in its composi- 
tion. Many other instances might be adduced, in 
which the names of substances hare given false ideas 
of their nature and properties. Thus, white and green 
copperas contain no coppery but are formed, the one 
with zmc, the other with iron. 

Why is plumbago much used for making crucibks 
and portable furnaces f 

Because, like charcoal, it is indestructible by heat, 
unless with the presence of atmospheric air. It pro- 
tects iron from rust, and is on that account rubbed on 
various ornamented cast-iron works, such as the fronts 
of grates, &c. 

Why is cast-iron submitted to a long intense healf to 
be converted into tvrought iron ? 

Because by this means the carbon burns, and, unit- 
ing with the oxygen, both go off in the state of car- 
bonic acid gas. 

Why do pit-coals vary in qiudityf 

Because of the different proportions of carbon and 
bitumen which they contain ; but carbon is the chief 
ingredient in all. 

Why are som>e coals called slaty f 

Because they hold cdso from 10 to 40 per cent of 
earth ; and some coals likewise contain a considerate 
quantity of sulphuret of iron, known by the name of 
martial pyrites. 

There are four species of coal very distinct from each 
other: viz. the graphite of Werner, or plumbago; the 
anthracolite ; the jet, or pitch coal ; and the common 
coal. One hundred parts of plumbago contain, accord- 
ing to Berthollet, about 90 per cent, of charcoal, and 
10 of iron. Anthracolite, or anthracite, is distinguialied 
fit>m other coal by burning without flame, and is semiB- 
times called stone coal: it is composed of 64 carboDi 
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33 silicflL and 3 parts of iron. Jet occurs in Scotland, 
at Wbitfay, in Yorkshire, in Bavaria, and in France, 
near the Pyrenees. It is composed of 76 parts char- 
coal, 22 parts bitumen, and two parts earth. Common 
coal is composed of bitumen and charcoal, and varies 
accordyig to the places where it is procured. 



• Why is oxygen so caUed^ 

Because it enters into the composition of a large ma- 
jority of the. acids, (from two Greek words, siguifyine 
the formation of acids) and was formerly supposed 
to be the general acidifying principle. 

Sir Humphry Davy appositely observes, that the 
great chemical agent, oxygen, is at once necessary in 
aU the processes of life, and all those of decay, in which 
nature, as it were, takes again to herself those instrur 
ments, organs, and powers, which had for awhile been 
borrowed, and employed for -the purpose or the wants 
of the living principle. 

Growing vegetables, exposed to the solar light, give 
out oxygen gas ; as do leaves laid on water in similar 
situations, the green matter, that forms in water, and 
some other substances. 

Why is lead, exposed to a strong heat, and free access 
of air, cotwerted into a bright red substance, knoum as 
ndnium, or red lead f 

Because the lead gives out the oxygen which it had 
previously attracted from the air at a lower tempera- 
ture. The red precipitate of the druggists is similarly 
produced from quicksilver, which, in the operation, 
mcreases its weight about 8 per cent. 

Oxygen gas mav be obtamed in its greatest purity 
fix)m the salt called chlorate of potassa. After the dis- 
covery of this gas, it was adopted by Lavoisier as the 
univeorsal supporter of combustion. The basis of the 
gas waB supposed to unite to the combustible, and die 



KtPiid of beine^ solidified, becotnfia g 
optTiitiou : and, liustly, in ntherH no 
Combii?tinn» therplbre, r-Miuol l»a r 
dent iipmn any peculiar principb o 
but nuidt \m consideretl as a genera] 
cheniieaJ ac^llou. We quote tbia ]: 
of rornbuMion from Mr. Bnmde ; its 
cle^'tricity hm benn alrfUitiv noticed^ 
properties of oxy|reu» iu roonexion 
subject of combustion. [See pp. 60 



CHLORINE. 



Whjf is cA/onnc so called? 

Because its colour ia green (from 
for green). 

Dr. lire observes^ "tbe introduct 
(cblorine) marks an era in chemical s 
uted from tiie masterly n'Sonjc!if*s 
Davy, nn the oxy muriatic gfis of tbe 
substanc*', wbich, niter resisting th 
means of decompositioti wbicb his i 
vent, or his ingenuity con hi apply^ Y 

according to the tnie top^ic of cbemisi 

11 > . II - 1 



POPULAR CHEMISTRT. 98 

locuous compounds which produce conta^on, and re- 
idving them into others, which are harmless. Even 
rhen combined with lime, in the substance usually 
nown as bleaching powder, chlorine retains this anti- 
eptic power. For the purposes of fumigation, chlo- 
ine, liberated fit)m manganese and muriatic acid, or 
oanganese salt and sulphuric acid, may be difiiiscd 
hrough the atmosphere of the infected chambers, or 
he imected goods may be exposed to it. In the same 
ray, the offensive odour of dead bodies may be miti- 
nted by sprinkling them with solution of chlorine. 
Chloride of lime has also been successfiilly used in 
ases of bums ; to destroy the stench of bilge- water 
n ships, and to correct the confined air in their holds ; 
a well as to destroy the fire-damp in mines. 

Why is hieaching powder cdtvays used in a liquid form ? 

Because it has the property of bleaching only when 
voter is present. Thus, if a piece of dry litmus paper 
» introduced into a jar of dry chlorine, it will suffer 
lo change ; but if previously wetted, the colour will 
peedily disappear. The colours of printed calico may 
■eadily be discharged by the same means. 

The addition of the water to tlie chloride of lime, 
or bleaching powder) effects its partial composition : — 
ine half of the chlorine leaves the lime, and dissolves 
m the water ; and this is the bleaching liquid of the 
ihops, which is sold at a high rate, although it cannot 
DOit more than a farthing a gallon. Sometimes this 
fluid is apptied immediately to the substance to be 
bleached, but sometimes a weak acid is added, to de- 
■troy the stight affinity of the chlorine for the lime, 
nd you wiU see by this addition, how much the 
bleaching power of the fluid is increased. The manu- 
ftctorv of the chloride of lime is carried on on a large 
•cale m the north of England, by passing chlorine into 
Uadin ehamhers, containing hydrate of lime in fine 
powder. — Branik. 
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j^wele first remarked tliia bleaching property ; 
thotlet applied it lo the art of bloaehiDg^ in Fra 
and from him Mr. Watt iutrodiiced its use into Q 
Britain. 

CROMIJVE A2?D lOBir^E. 

ffh^ is Bromine so called? 

Bficause af its origui fi-om a Greek word sign if 
** a strong d isa^re eiibi e ocl ci i j r." I n like maim er, tie 
is named from a Greek word siguifying- "violej 
loured," which diEtiuguisJies its vapour. 

Bromine and iodine have .only very late^ been 
covered, and they belong to tliat clasa of siibstaij 
with whose use in the economy of nature we 
present totally uuacquaintedj ai^d which have no^ 
been applied to any practical purpose : neverthelc 
tbey are objects of the greatest interest to the ulierai 
and the study of their properties is particularly insti| 
tive, on account of ttie analogy which subsists* betwi 
them and chlorine, 1 

Bromine prol ml )ly exists in sea-water, but itsrelasi 
proportion must bti exceedingly minute. One hundr 
poimds of sea-water, taken up at Trieste, aflrordc< 
grains of bromide of 8odium:^==3,3 grains of bromij 
Here the bromine ia unaccompanied by any iod^ 
and the same appears to be the case with the waterS 
the Dead Bea. In tlie water of llie MediteiTaneaEj 
the contrarj', iodine is oiwayg found with bronime7| 
is most readdy recognised by evaporating the wat 
so OS to separate all its more ordinary crj'stallizal 
contentfl, reducing the remainder to a very small \h 
and dropping in a concentrated solution of chloE 
The appearance of a deep yellow tint annotmcesi 
mine. Dr. Daubeny, Professor (d\4iemistry at Oxfl 
bas discovered iodine and bromine in several i 
springs and minertd waters of this country ; and^ 
Professor conceives that his mialyses will tend to th| 
some light on the connexion between the chomical o 
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■dtution of mineral waters and their medicinal quali- 
ties. Bromine has also been obtained from the ashes 
of sea-weeds, and we shall presently have occasion to 
notice its connexion with the cause of the ocean's tint. 
Thus, it has been discovered, not only in the waters of 
the ocean, but in certain salt springs, in the aslies of 
marine plants, and, according to Mr. Brande, in those 
of some marine animals. 

Bromine acts with energy on the animal functions. 
A dropj let fall into tlie beak of a bird, was suflficient 
to kill it Iodine was accidentally discovered in 1812, 
by M. de Courtois, a manufacturer of salt-petre at 
Aris. In his processes for procuring soda from the 
ashes of sea- weeds, he found the metaUic vessels much 
corroded, and in searching for the cause of the corro- 
noD, he made tliis important discovery. But for this 
circumstance, merely accidental, one of the most curi- 
ous of substances might have remained for a^es un- 
known ; since nature has not distributed it, either in 
a simple or compound state, through her different 
Ungdoms, but has stored it up in what the Roman 
sttirist considers as the most worthless of things — the 
Tile sea- weed. — Ure. 

Iodine has been successfully applied in cases of can- 
cer and brohchocele. 

HTDROOEN. 

Why 18 hfdrogen employed for fUing air-baUoons ? 

Because it is much lighter than the atmosphere ; the 
principle upon which balloons are constructed being, 
that a solid rises in the atmosphere with any given 
finoe, when its weight is less than the weight of the air 
which it displaces by the amount of that force. Hydro- 

EQ is the lightest substance in nature at present 
own, being 14.4 less dense than common air, 16 
times less dense than oxygen, and 14 times less dense 
than nitrogen. Pure hycux>gen gas is not. However, 
necessary to fill balloons ; and carburetted hydrogen gas^ 



96 KNOWLEDGE FOR THE PEOPLE. 

such as is used to light the streets, has been adyan 
taffeously substituted. 

Dr. Ure considers every cubic foot of gas included 
in a balloon, to have by itself a buoyancy of fiilly one 
ounce avoirdupoise in the atmosphere. Hence, a bal- 
loon of ten feet diameter will have an ascensional 
force of fully 524 oz. or 33 lbs. mintu the weight of the 
314 superficial feet of the varnished silk enveloping 
the gas ; and one of 30 feet diameter, a buoyancy of 
fully 14,137 oz. or nearly 890 lbs. minu8 the weight of 
the 2,827 feet of envelope. The subject of bafloons, 
generally, belongs to Pneuinatics, 

Hydrogen also forms a component of all vegetaUe 
and animal products, and is therefore abundanuy dif- 
fused tlu-oughout nature. It may be respired for a 
short time, though it is instantly mtal to all small ani- 
mals. M. Mauuoir, after having breathed a quantity 
of pure hydrogen, found that his voice had become re- 
markably shrill. It is inflammable, and extinguishes 
flame. When pure, it burns quietly, with a lambent 
flame at the surnice, in contact with air ; but if mixed 
with thrice its volume of air, it burns rapidly, and with 
detonation. 

THE BLOWPIPE. 

Why is the gas blowpipe so important an tnstniment 
in chemical analysis, Sfc. ? 

Because it enables us to employ a mixture of oxygen 
and hydrogen gases, and thus to produce the most 
powerful heat yet known. This may be shown by pre- 
paring a bladder full of each of these airs, and forcing 
some out of each, into a common tube connected with 
both, and throwing a stream of the mixed gases on 
burning charcoal, or on any other substance in the act 
of combustion. These bladders should each be fiu"- 
nished with a small metallic pipe and stop-cock, and 
the tube, connecting with both should have a very small 
orifice, in order that a regular stream of the commixed 
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■0 may be thrown upon the burning substance. This 
I railed the hydro-oxygen blowpipe, and its construe* 
on and use were iUustr^ted by the late Dr. E. Clarke, 
I a series of beautiful experiments in the fusion and 
iduction of earths and metals, and their compounds. 
br. Hare of Philadelphia, also fused, by this appara- 
u, porcelain, common pottery, Wedgwood's ware, 
ipe and porcelain clay, fine brick, common brick, and 
ompound bricks, with equal ease. M. Lampadius, 
D making use of the eas blowpipe, found the heat, 
rhich is produced by the combustion of oxygen, with 
BxiMiretted hydroeen gas, procured fi*om coal, to be 
lore intense than that with pure hydrogen. Mr. firande, 
owerer, thinks the above blowpipe cdways a danger- 
UB instrument, and adds, ** nearly as iutense a tempe- 
■cure may be safely produced by propeUing oxygen 
tirough the flame of a spirit lamp." 

Why is the common blowpipe^ or simple hent tvbe, 
199 advantageous than that just described^ 

Because it is hurtful to the Itrngs, and cannot be 
ned but with much inconvenience, from the necessity 
f keeping up a continued blast To effect the latter, 
leUows have been added, but as portability is a great 

Sect, they are more objectionable than bladders, 
lich occupy little room when empty, and may be 
[uickly filled with air. Mr. K. T. Kemp, of Edinburgh, 
las, however, invented a blowpipe which is very port- 
lUe, requu-es scarcely any exertion of the lungs, one 
•zpiration into it being sufiicient to produce a contin- 
led blast for about two minutes — and occupies venr 
idhe space. It is described and drawn in Jamesows 
hmwd for 1829, and in the Arcana of Science and Art 
br 1830, p. 145. 



HTiy 18 hydrogen so called ) 

Because it is one of the elements of water {Grom the 
mo Greek words signifying the formation of water). 
57* 
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Thus, when two volumes of pure hydrogen gas are 
mixed with one volume of pure oxygen gas, and the 
mixture inflamed in a proper apparatus by the electric 
spark, the gases totally disappear, and the interior of 
the vessel is covered with drops of pure water, equal 
ill weight to that of the gases consumed. Again, if 
pure water be exposed to tlie action of voltaic electri- 
city, it is resolved into two volumes of hydrogen, disen- 
ffaged at tlic negative pole, and one volume of oxyseD, 
disengaged at the positive pole ; so that water is Sias 
proved by synthesis, and by analysis, to consist of two 
volumes of hydrogen combined with one of oxygen. 
We quote this illustration from Mr. Brande, who aode, 
" tlie experiments illustrating the composition of water, 
and showing the proportions in which its elements ve 
unit(;d, are amongst the most important in chemistry. 
The readiest means of decomposing water is as fol- 
lows : — take a gun-barrel, the breech oSf* which has been 
n?niov(;(I, and hll it with iron wire coiled up. Place it 
across a common chafing-dish, and connect to one end 
of it a small glass retort, containing some water ; and, 
to the other, a bent tube, opnning under the shelf of 
a water-bath. Heat the barrel rcdhot by means of 
charcoal, and apply a lamp under the retort. The steam 
of water, in passing over the redhot iron, will be de- 
composed, the oxygen will unite witli the iron, and the 
hydrogen may l)e collected in the form of gas. This 
is the most economical way of making hydrogen in 
large quantities. Those who have had an opportunity 
of visiting an iron foundery, may see tliis process con- 
tinually going on ; for when the melted metal is poured 
into the damp moulds, the water which they contain 
is (l(^(!omposcd, and the hydrogen which is given off is 
ignited ; and generally, from its mixture with the air, 
produces a slight explosion. If this experiment be made 
very carefiilly, by placing the iron wire, previously 
weighed, in a glass, or very compact earthen tube, in- 
stead of the gun-barrel, the weight which the iron wiU 
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have acquired, added to the weight of the volume of 
gas produced, will bo found exactly to make up the 
weight of the water decomposed ; and they will be to 
each in the proportion of eight to one. 

Water was, till modem times, considered as an ele- 
mentary or simple substance. In 1776, the celebrated 
Macquer made an experiment, by burning hydrogen 
gas in a botde, without explosion, and holcUng a white 
china saucer over the flame. His intention appears to 
have been that of ascertaining whether any fuliginous 
smoke was produced ; and he observes tliat the saucer 
remained perfectly clean and white, but was moistened 
with perceptible drops of a clear fluid, resembling 
water ; and which, in fiict, appeared to him to be no- 
thing but pure water. In the following year, Buquet 
and Lavoisier experimented to discover what is produc- 
ed by the combustion of Jiydrogen ; but Dr. Priestley, in 
1781, appears to have first fired hydrogen and oxygen 
gas in a closed glass vessel ; the inside of which, though 
clean and diy before, became dewy. The inference 
respecting this was, that these airs, by combustion, de- 
posited the moisture they contained. Mr. Watt, how- 
ever, inferred from these experiments, that water is a 
compound of the burnt airs, which give out their latent 
heat by combustion. In the same year, Mr. Henry 
Cavendish was busied on tlie subject, which he illus- 
trated by a valuable series of experiments. The com- 
position of water was not knoAvn or admitted in France 
till the year 1783, when it was i)roved by MM. Lavoi- 
sier ana de la Place. The grand experiment in France 
was, however, by Fourcroy, Vaquelin, and Sdguin, and 
was bNcgun on May 13, 1790, and finished on the 22nd 
of the same month. The combustion was kept up one 
hundred and eighty-five hours with little interruption, 
during which time the machine was not quitted for a 
moment The experimenters alternately refreshed 
themselves when &tigued, by lying for a few hours on 
in the laboratory. The total weight of by- 
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drogen and oxygen employed, was 7,249J227; the 
weight of water obtained was 7,244 grains, or 12 oz. 
4 gros. 45 gr. ; the deficit being 4.237 gr. The water 
being examined, was found to be as pure as distilled 

water. 

The composition of water is best demonstrated, by 
exploding two volumes of hydrogen, and one of oxygen, 
in the eudiometer. They disappear, and pure water 
results. From the most carefiil experiments, it appean 
that a cubic inch of water, at the temperature or 6ff, 
weighs 252.52 gr., and consists of 28.06gr. of hydro- 
gen, and 224.46 gr. of oxygen. The volume of the for- 
mer gas is 1,325 cubic inches, and, of the latter, 662, 
making together 1,987 cubic inches; so that the con- 
densation 18 nearly 2000 volumes in 1. 

fVhy is water universally found tkrouffhout nature f 
Because it possesses a large range of smSnity for nat- 
ural bodies, of which it is capable of dissolving a great- 
er number than any other fluid. It is found not only 
throughout the earth in an uncombined state, with its 
])arficle8 in the different aggregates either of ice, water, 
or vapour, but in a permanent and chemical union 
with a vast number of substances, solid, fluid, and 
gaseous. The air of the atmosphere, and even that 
which is considered the driest, contains much water 
in solution. Many solid minerals, and crystallized 
neutral salts, contain water in their composition ; some 
of the latter to more than half their weight. 
Why is hard water often improper for dyeing f 
Because it coutains salts witn an earthy iJasis, which 
precipitate upon the stuff during boilmg, and thus 
prevent the access of tlie colourinff particles. Some 
of the earthy sails are indeed used m dyeing, but to 
alter and heighten particular colours. Well water is 
preferred m dyeing red, and other colours that want 
astringency ; as well as in the dyeing of stu£i of loose 
texture, as calico, fiistian, and cotton. 
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ff^ has the common practice of Uning wdU trt^ 
hrieks been condemned f 

Because bricks soften the hardest water, and give it 
an aluminous impregnation. — Dr, Percival. 

Why is water oJUn found impregnated toith stdphwr 
etted hydrogen gas ? 

Because of the spontaneous decomposition of pyrites^ 
or sulphuret of iron, where the spring rises. Hence,, 
sulphuretted hydrogen gas, which consists of sulphur 
hem in solution by hydrogen gas, imparts the medicinal 
value to many celebrated springs, and is found very 
plentifully in all those natural waters, which emit that 
peculiar and offensive odour somewhat similar to rotten 
epgs, or the scourings of a foul gun-barrel. At'a me- 
dium temperature, water will absorb from two-thirds 
to three-fourths of its bulk of this gas, and even twice 
its bulk. 

Of this property were the several wells in London,, 
supposed to be impregnated with the spiritus mundi, 
and sold by the monl^ as a kind of spiritual nectar ; 
the most celebrated of which was the Holy -well, near 
Shoreditch. 

ffliy does this water soon become turbid f 

Because the cohesion of the sulphur to the hydrogen 
is very weak. It soon deposits pure sulphur. Hence, 
the sulphureous peUicles that are found in the chan- 
nels in which this water flows, or the lining of the casks 
and other vessels in which it is usually conveyed. 

JVhy is the purest water that which falls from the at- 
mospneref 

Becauife, having touched air alone, it can contain 
nothing but what it gains from the atmosphere, and it 
is thus distiUed without the chance of those impurities 
which ma]^ exist in the vessels used in an artificial ope- 
ration. — Sir Humphry Davy. 

Why is rain-water collected in towns less pure than 
dseisheref 
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Because it always acquires a small quantity of sul- 
phate of lime, and carbonate of lime, obtained from the 
roof and plaister of the houses. Again, the atmoephere 
of a smoky town will give some impregnation to fbjd, 
as it passes through. Hippocrates states, that rain- 
water should always be boiled and strained when col- 
lected near large towns ; a fact now well known to 
chemists. 

Why is tht purest water produced from snow (hat has 
fallen on glairs, which are themselves formed fnm 
frozen snow ? 

Because congelation expels both salts and air from 
water, whether existing below, or formed in the atmos- 
phere : and, in the high and uninhabited regions of 
glaciers, there can scarcely be any substances to con- 
taminate: removed from animal and vegetable life, 
they are even above the mineral kingdom. Sir Hum- 
phry Davy considers this to be pure water : its colour, 
when it has any depth, or when a mass of it is seen 
through, is bright blue ; and, according to its depth, it 
has more or less of this colour. Captain Parry states, 
that the water on the Polar ice has the same fcieautifiil 
tint. The reader will find some new and interesting 
observations on the colour of water in SalmonicL 

JVhy is water distilled? 

Because its foreign impurities may be completely 
separated from it. Distilled water as commonty pre- 
pared, however, always affords minute traces of foreign 
matter, especially when subjected to voltaic decompo- 
sition, and can only be considered as perfcftty pure, 
when re-distilled, at a low temperature, in silver ves- 
sels. 

Why is distilled water the lightest of aU waters ? 

Becaude it contains neither sohd nor gaseous sub- 
stances in solution. It is perfectly devoid of taste; is 
colourless and transparent, feels soft, and wets the fin- 
i;ers more readily than any other. The principal < 
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in which distilled water has been used as an article of 
drinky have been in those important trials of the prac- 
ticability of producing it by condensing the steam of 
seawater, by means of a simple apparatus fitted to a 
■hip's boiler. These have fully shown the ease with 
which a large quantity of fi-esh water may be procured 
at sea, and Siat of the purest kind. 

Why did the old chemists believe in the conversion of 
VfoUr into ecuih hv distillaiion ? 

Because they round that the water, though purified 
hf repeated distillation, if evaporated to dryness, always 
left a small residuum. Magrafif distilled water seventy- 
two times, with this result ; but Lavoisier determined 
that this residuum was entirely owing to the abrasion 
of the glass vessels in which the process was carried 
cm. 

Wh^ has it been important to ascertain with precision 
fte weight of pure water ? 

Because it is the standard with which all other 
liqaids and solids are compared ; as the weights of 
aeriform fluids are with atmospheric air. Moreover, 
a recent act of Parliament declares, that the standard 
measure of capacity shall be the gallon, containing 10 
lbs. avoirdupoise weight, (7000 gr.=l lb.) of distilled 
water, weighed in the air, at the temperature of 62^ 
of Fahrenheit's thermometer ; the barometer being 
at 90 inches. The capacity of this gallon is 277.274 
cubic inches. 

Hoffman thus sums up the properties of pure water : 
*^ It is the fittest drink for all ages and temperaments : 
and, of all the productions of nature or art, comes 
nearest to that universal remedy so much sought afler 
by mankind, and never hitherto discovered." 

Why does potash soften hard water ^ 

Because it decomposes all the earthy salts which 
oppose the solution of soap, by causing the earth to 
freemitate, whilst the neutral alkaline salt which is 
left, does not injure the solvent power of water. 
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Why does alum clear foul water f 

Because this saJt is decomposed by the carbonate of 
lime in the water, and the alumina carries down all 
sensible impurities. 

This appears to be, in fact, a species of filtration, die 
efficacy ofwhich, as a remedy for the long-complained- 
of impurities of the water of tke Thames, we nave al- 
ready noticed, in Part 1 of this work. That the Thames 
water may be so purified is proved by the feet, that 
upon being taken to sea in casks, and becoming putrid, 
when it is racked off, and exposed to the air, it grad- 
ually deposits a black slimy mud, becomes clear as 
crystal, and remarkably sweet and palatable. 

It might be expected that the Thames, passing a 
large town, and thus receiving its impurities, should 
thereby acquire a foulness, perceptible to chemical ex- 
amination for a considerable distance below the town ; 
but the most accurate examinations prove that, where 
the stream is at all considerable, these impurities have 
no influence in ])ermanently altering the quality of the 
water ; and, as they are only suspended, that mere rest 
will restore the water to its original purity. By this 
filtering process, or depuration, as is proved by Dr. 
Bostock, in the Philosophical IVansactions for 1829, 
part 2, the quantity of saline matter in the water was 
increased as much as fourfold. Thus, 10,000 gr. of 
the water left by evaporation a saline crust, and were 
found to contain the following salts: 

After exam. Before exam. 

Carbonate of lime 4.20 gr. 1J)5 gr. 

Sulphate of ditto .66 .12 

Muriate of soda ^ o 74 00 
Muriate of magnesia J 

7.60 1.90 

Thus, although the water, by this depurating prO' 
cess, fireed itself fi*om the great quantity of orffuio 
matter which it contained, and ocquu-od a state of ap* 



POPULAR CH£MISTRT. 105 

urent purity, which might render it sufficiently proper 
m many purposes, yet that the quantity of saline mat- 
ter was incr^ised as much as fourfold. The greatest 
proportionate increase is in the muriates, which are 
very nearly twelve times more in the purified water 
than in that of the Thames in its ordinary state. The 
carbonate of lime is between two and three times as 
abundant as before, and the sulphate of lime between 
five and six times. This water, also, examined in its 
ftui state, gave very obvious uidications of botli sul- 
phur and ammonia, neither of which could be detect- 
ed after depuration. 

^ This depurating process may be denominated a spe- 
cies of fermentation ; i, e, an operation, where a sub- 
stance, without any addition, imdergocs a change in 
the arrangement of its component parts, and a new 
compound or compounds are produced. The newly 
formed compounds were, in this case, entirely gas«30U8, 
and, except a part of the carbonic acid, were dis- 
charged. The saline bodies, not being affected by this 
process, remained in solution, leaving the fluid free, 
indeed, from what are considered as impurities, yet so 
much loaded with earthy and neutral salts, as to be 
converted from a sofl into a hard water. The source 
of the saline bodies may be supposed to be the organic 
substances, principally of an animal origin, which are 
80 copiously deposited in the Thames : of these, the 
most abundant are the excremeutitious matters, as well 
as the parts of various undecomposcd animal bodies. 
The different species of the softer and more soluble 
animal compounds, act as the ferment, and are them- 
selves destroyed, while the salts which were attached 
to them are left behind. It may be conceived, there- 
fore, that the more foul is the water, the more complete 
will be the subsequent process of depuration : and we 
have hence an explanation of the popular opinion, that 
the Thames water is peculiarly valuable for sea stores, 
its extreme impurity inducing the fermentative pro- 
58 
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eesB, and thus remoYing from it wSt' 

which can canse h to undergo aiiy<4|L 

The great importance of fihera Med not be flirtlier 
insisted on. In Paris, such an apparatos la to be 
found in ahnoat every houae ; yet tae water id Ae 
Seine is of great purity, and even purer than any of 
tibe tributary streams which surround it It dooa not 
contain more than fiTe grains of solid matter in the rant 

Within these few months, a plan baa been aabmrited 
to the Royal Institution, for fiheringthe irrerThanm 
beneath its bed. 

Why does water^ unlike dher liquids^ mcnate {a wd- 
ume, 08 it cods doum to its point of congdaHonf 

Because, by this peculiar law, it ma^ answer certua 
important purposes in the economy of nature, wluch 
may be demonstrated as follows :— 4he water whidi 
covers so large a portion of the suHkce of the [jlobe, ki 
one of the most efficient means of equalizing its tem- 
perature, and rendering those pArts nabitu^ wludi 
would otherwise be bound up inperpetu«| met, or 
scorched with intolerable heat Tne cold afar whidi 
rushes from the polar regions progreasiveW afaatFaelB 
the heat from the great natural basins of water, or 
lakes, till the whole mass is reduced to 40^ (the fiees- 
ing point being 32®j ; but at the former point, by a win 
providence, the refrigerating influence of the atmos- 
phere becomes nearlv null ; for the superficial stratonif 
by further cooling, becomes speciflcaQy lighter; andf 
instead of sinking to the bottom, as before, aiMl dis* 
placing the warmer water, it now remains at the siv- 
face, becomes converted into a cake of ice, sad pre- 
serves the subjacent water from the fluther influeooe 
of the cold. I:^ like mercury, it continued to incroMe 
in density to its freezing point, the cold air would eoa- 
tinue to rob the mass of water of ito heot, till the wlioli 
•unk to 32®, when it would inmiediotellf oat into a 
aalid stratum of ice, and evoEy Ihring aniflMl te % 
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would perish ; -and in these latitudes, a deep lake, 00 
frozen, would never again be liquified. At the tem- 
perature of 40^, water is about 8^ times heavier than 
atmospheric air. 

Why 18 the expansion of water hy cooling, and at the 
time of becoming ice, a great cause of tustrudion in 
northtm climates ? 

Because, where ice forms in the crevices or cavities 
of stones, or when water, which has penetrated into 
cement, freezes, its expansion acts with the force of the 
lever or the screw, in destroying or separating the 
parts of bodies. Akin to this, are the mechanical 
powers of water, as rain, hail, or snow, in descending 
mm the atmosphere ; for in acting upon the projections 
of solids, drops of water, or particles of snow, and still 
more, of hail, have a power of abrasion : and a very 
aoftjBubstanc^, from its mass assisting gravitation, may 
fafeak a much harder one. 

The rupture of iron and lead pipes by freezing, has 
been cursorily noticed elsewhere.* The most interest- 
ing experiments upon the subject are, according to 
Brande, those of Major WilUams. Bomb-shells, about 
13 inches in diameter, and more thaji 2 inches thick, 
were filled with water; the fuse-holes were then 
plugffed with iron bolts — and thus charged, were ex- 
posed to the open air, at a temperature between 40*^ and 
19^. At the moment of congelation, the plugs were 
thrown out, and the ice protruded through the fiise- 
hole. When tlie plug was duly secured, the shell it- 
self burst The greatest difference observed in those 
experiments, between the bulk of water before and 
after congelation, was : 174 : 184. Exposed to the air, 
ice loses considerably in weight, by evaporation. 

Wlw 18 toater, as a chemical agent, frequently re- 
toheainlo its dements f 

Because they are respectively concerned in the pro- 

'''Sec Domestic Scisrvcs, p, 14. 
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duction of new compounds. Thus, when chloride of 
phosphorus acts upon water, its chlorine combines 
with the hydrogen of the water to form muriatic acid, 
and the phosphorus and oxygen unite to form phos- 

Ehorous acid. In other cases, bodies decompose water 
y the absorption of oxygen only, and the hydrogen 
is liberated m the gaseous form ; but there is no 
instance in which the hydrogen is absorbed, so as to 
cause the evolution of gaseous oxygen. — Brandt. 

fVhy is the decay of marhU huUdings materially hai- 
iened by the water of the atmosphere ? 

Because of its great solvent powers : the calcareous 
and alkaline elements of stones beins particularly liable 
to this kind of operation. The carbonic acid, which ^ 
this water holds m solution, also increases its power of ' 
dissolving carbonate of lime, or marble ; and in the 
neighbourhood of great cities, where the atmosphere 
contains a largo proportion of this principle, the solvent 
powers of the rain exposed to it must be greatest 
Whoever examines the marble statues in the British 
Museum, which have been removed from tlie exterior 
of the Parthenon, will be convinced that they have 
suffered from this agency; and an effect distinct in 
the pure atmosphere and temperat*^ climate of Athens, 
must be upon a higher scale in the vicini^ of other 
European cities, where the consumption of fuel pro- 
duces carbonic acid in great quantities. — Sir H, Davy. 

Why do metals rust in the exterior of buildings f 

Because of the oxydating powers of water ; which, 
by supplying oxygen in a dissolved or condensed 
state, enables the metals to form new combinations. 
Thus, metallic substances, such as iron, copper, bronze, 
brass, tin, and lead, whether they exist in stones, or 
are used for support or connexion in buildingB, are 
liable to be corroded by water, holdii^ in solution 
the principles of the atmosphere. — Sir A Davy. 

Why does \cood exposed to (he air so soon decayf 
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Because, not only the rain, but even the vapour in 
the air, attracted by the wood, gradually reacts upon 
its fibres, and assists decomposition, or enables its ele- 
ments to take new arrangements. Hence it is, that 
none of the roofs of ancient buildings, more than one 
thousand years old, remain, unless it be such as are 
constructed of stone ; as those of the Pantheon at Rome, 
and the tomb of Theodric at Ravenna, the cupola of 
which is composed of a single block of marble. The 
pictures of the Greek masters, which were painted on 
the wood of the abies, or pine of the Mediterranean, 
likewise, as we are informed by Pliny, owed their de- 
struction, not to a change in the colours, nor to the al- 
teration of the calcareous ground on which they were 
painted, but to the decay of the tablets of wood on 
which die intonaco or stucco was laid. Amongst the 
substances employed in building, wood, iron, tin, and 
lead, are most liable to decay from the operation of 
water ; then marble, when exposed to its mfluence in 
the fluid form. Brass, copper, granite, sienite, and 
porphyry, are more durable. — Sir H, Davy, 

Why do some stones decay sooner than others'^ 

Because much depends upon the peculiar nature of 
their constituent parts. Thus, when the feldspar of 
the granite rocks contains little alkali or calcareous 
earth, it is a very permanent stone ; but when, in gra- 
nite, porphyry, or sienite, either the feldspar contains 
much alkaline matter, or the mica, schorl, or horn- 
blende, much protoxide of iron, the action of water, 
oentaining oxygen and carbonic acid, on the ferruginous 
elements, tends to produce the disintegration of^tone. 
The kaolin, or clay, u<»ed in most countries for the 
manufacture of porcelain or china, is generally pro- 
duced f]*om the feldspar of decomposing granite, in 
which the cause of decay is the dissolution and sep- 
aration of the alkaline ingredients. 

This and the three previous iUustrations are abridged 

58» 
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fh>m the Dialogue PoUty or TYme, in the posthumous 
work of Sir H. Davy, alreadv named. We have no- 
where seen the philosophy of creation and decay more 
heautifully illustrated than in this treasurable titde 
volume. 

ffhjf ii marble used for sculpture and archiUdmt in 
prefmrijce to harder swstances ? 

Because their durability is not in proportion to theii 
hardness ^ and marble, though much softer than gra^ 
nite, resists longer the attacks of air and moisture. 

Why 18 the temperature of the sea more uniform than 
thai of any inland water, exposed to the atmosphertf and 
not a hot sprinf^ ? 

Because it possesses in itself a peculiar source of 
caloric, owing to a variety of causes, the operation of 
which is unknown to us. The vast body of the water, 
and the" perpetual agitation to which it is exposed, ren- 
der it less liable to be affected by outward changes of 
temperature ; and this is particularly the case at a con- 
siderable depth below the surface 5 at its upper part, 
however, it possesses an extensive range of temperature 
at d ifferent seasons of the year. On the shores of Eng- 
land, the surface of the sea is seldom, in the severest 
weather, lower in its temperature than 40°, or higher, 
in the hottest summer, than 65® ; whereas the heat of 
rivers, especially when they are shallow and their 
currents slow, rises higher and sinks lower than either 
of these points. — BooSi. 

Why does seawater soon grow offensive hy keeping f 

Because of the decomposition of the animal and 
vegetable matters which it contains in suspension; 
these, like all organic bodies, being peculiarly liable 
to change, and the salt in .the water not being suffi- 
cient to preserve them from decay. 

Why is the sea usually of a green co2otir? 

Because, probably, of vegetable matter, and jpertia|aflf 
partially,' of two elementary principles, iodme and 
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11& which it certainly contains, though these are 
poarihly the results of decayed marine vegetables. 
These give a yellow tint when dissolved in minute 
portions in water, and this mixed with the blue of 
pure water would occasion seagreen^ — Sir IL Davy. 

Why \8 it erronttma to suppose thai the salt in thi sea 
has been gradually augmented by saline particles brought 
into it by rivers % 

Because this conclusion is totally inadequate to ex- 
|dain the inunense quantity of salt existing in the 
whole mass of the ocean. If the average depth of the 
•ea be ten miles, and it contain 2^ per cent of salt^ 
were the water entirely evaporated, the thickness of 
the saline residue would exceed one thousand feet-— 
BakeweWs Geology. 

Connected with the depth of the sea, the following 
interesting question has been noticed in a Grerman 
Journal. Whether in the sea there be depths where 
no creature is able to live, or whether a boundary be 
assigned to organic life within those depths, cannot 
be ascertained. It, however, clearly appears from the 
observations made by Biot, and other naturalists, that 
fishes^ according to dieir different dispositions, live in 
different depths of the ocean. 

Why is the Mediterranean of superior saUness to other 

HOS^ 

Because the Mediterranean expends, by evaporation, 
three times more water than it receives; tne fresh 
water being so carried off from the sur&ce. 

Why is the Dead Sea so ealledf 

Because no Uving creature is to bo found in it. 

Why is it scmL (hat ^^ nothing sinks in the Dead 

Because of its extreme salmess. Mr. Madden, a 
recent traveUer, bathed in this sea: he could lie, like 
a log of wood, on the sur&ce, without stirring hand or 
iwty 68 long as he chose ; but with much exertion he 
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could ju8t dive sufficiently deep to cover all his body, 
when he was again throwu on the surfiu^e, in spite of 
his endeavours to descend lower. On coming out of 
the water, Mr. Madden found his body coated with it, 
and likewise with an incrustation of salt, about the 
thickneas of a sixpence. 

^TEAM. 

Why has steam such extraordinarv power 9 
Because, m its constitution, two volumes ofhydrogen, 
and one of oxygen, are condensed into two volumes. 
A cubic inch of water at 40° is expanded by heat into 
1694 inches, or nearly a cubic foot of steam, at the 
temperature of Q12® ; at which point it is equal to the 
mean elasticity of the atmosphere, or thirty inches of 
mercury ; when we see the phenomena of*^ boiling. 

Water is susceptible of compression, as was origin- 
ally shown by Canton, and more lately by Mr. Peikins, 
who finds a pressure of 2000 atmospheres occasioned 
by a diminution of l-12th its bulk. (PhU. Trans. 1820.) 
if submitted to very sudden compression, water be- 
comes luminous, as has been shown by M. Desaignes. 
— Brandt, 

Why is steam considered universal in nature f 
Because it is not only formed fi^m water at its boil- 
ing point, but rises ^slowly and quietly from it at all 
temperatures, even l)elow the fi^ezing point. It is al- 
ways found mixed with the permanent gases of the at- 
mosphere, even in the driest weather ; as may be seen 
by the dew on a glass of water fi-esh drawn from a 
well in summer. Its elasticity at the freezing point is 
equal to 0.200-inch of mercurv, and its force mcreases 
in a geometrical progression ror equal increments of 
temperature. 

We have elsewhere quoted and simplified the appli- 
cations of steam,* and, accordingly, here only notice 
its constitution, which could not with propriety be 

* 8ee MxcHAiric», pp. 6B to 66. 
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omitted; for, as Sir Humphry Davy observes, ^the 
sieam-engine in its rudest form was the result of a 
diemical experiment ; in its refined state, it required 
the combinations of all the most recondite principles of 
chemistry and mechanics ; and that exceUent philoso- 
pher who has given this wonderful instrument of power 
to civil society, was led to the great improvements he 
made by the discoveries, of a kindred genius, on the 
heat absorbed when water becomes steam, and of the 
heat evolved when steam becomes water." 

MURIATIC ACID. 

Why %8 muriaiic add gas termed, in more modem 
nommdaturtj hydrochloric acid gas 9 

Because it consists of equal volumes of hydrogen 
and dilorine, mixed and exposed to light The best 
mode of showing its composition, is to introdui^e into 
a small but strong glass vessel a mixture of the two 
gases, and to inflame them by the electric spark ; no 
change of volume ensues, and muriatic acid gas re- 
sults. — Brande. 

Oil of vitriol poured upon common salt is a common 
method of purifying the chambers of the sick ; the 
chlorine, which is thus produced, being a powerful dis- 
infectant. Common salt will remove miit and wine 
stains firom linen, fi*om the salt being a compound of 
sodium and chlorine. Sir H. Davy observes upon the 
first of these processes, << When common salt is de- 
composed by oil of vitriol, it was usual to explain the 
phenomenon by saying, that the acid, by its superior 
affinity, aided by beat, expelled the gas, and united to 
the soda. But, as neither muriatic acid nor soda exists 
in common salt, we must now modify the explanation, 
by saying, that the water of the oil of vitriol is first 
decomp(Med; its oxygen unites to the sodium, to form 
soda, which is seized on by the sulphuric acid, while 
the chlorine combines with the hydrogen of the water, 
and exhales in the form of muriatic acid gas." 
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fVky is muriatic cwM, dissolved in water, caMed spi- 
rit of salt f 

Because it is commonly procured by distilling a mix- 
ture of dilute sulphuric acid with conunon salt ; 88,32 
parts of salt, and 22 of sulphuric acid; diluted with one 
third its weight of water. The quantity of real acid 
in muriatic acid of different densities, is best ascer- 
tained by the quantity of pure carbonate of lime, (Car- 
rara marble, for instance) which a given weight of the 
acid dissolves. Every .50 grains of the carlx>Date are 
equivalent to 37 of real acid. — Brandt, 

Muriatic acid is much employed in the arts. It is 
the best test for silver : if a single drop be poured into 
any solution containing this metal, a copious precipi- 
tate ensues, owing to the aflSnity of this acid for tne 
silver, and the insolubility of the muriate of silver thus 
formed. Muriatic acid dissolves tin and lead. 

Why is muriatic add recommended for cleaning old 
books and prints ? 

Because, though it removes the stains of common 
ink, it does not affect printers' ink. For the latter use, 
add half an ounce of red lead to three ounces of com- 
mon muriatic acid. Where writings have been effaced 
for fraudulent purposes with this acid, sulphuret of am- 
monia, andprussiate of potash, will revive the writing 
and discover the artifice. Very old writing may be 
revived in this way. If indigo and oxide of manga- 
nese be added to common ink, it will prevent its be- 
ing effaced by chlorine. — Parkes. 

With various bases, muriatic acid forms the salts 
called muriates ; and muriates, when in a state of dry- 
ness, are actually chlorides. 

NITROGEN. 

JVhy is nitrogen also called azote f 

Because an animal immersed in it is immediately 
suffocated {fix)m a, privative, and Cwi?, Zt/e) : but, if 
that term be taken in its strict sense, all gaseous bodies 
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{oreeptiiig atmospheric air) might be induded under 
It; for eren oxygen itself will not indefinitely support 
life : moreover, nitrogen, as it exists in the atmosphere, 
mixed with oxygen, appears to be absolutely essential 
to animal life ; for no other gaa can be substituted for 
tL If we consider the term nitrogen as merely imply- 
ing that it is a component of nitric acid, it is explicit 
and unobjectionable. We, therefore, adopt it Ia pre- 
ference to that of azote. — Brandt. 

Whether nitrogen is or is not a simple body has been 
much discussed among eminent chemists, without any 
conclusive result. In Silliman's American Journal for 
1829, we read of a discovery of nitrogen gas issuing 
in almost a pure state fi'om the earth, through three 
^rings, in Hoosick, New York. According to Trous- 
set, the gas emitted by the skin is pm*e nitrogen ; and 
Mr. Faraday has proved that if sea-sand, after ignition, 
be handled, it wiU yield an azotic impregnation fi*om 
the skin, which the sand itself would not do. 

Professor Emmett recommends the preparation of 
nitrogen by dipping zinc into fused nitrate of ammo- 
nia : it is instantlv oxidized and dissolved, and nitrogen 
and ammoniacal gases are evolved. Every grain of 
the metal fiunishes nearly a cubic inch of the gas ; 
while the anunonia, which also escapes, becomes 
wholly condensed, as soon as it enters mto the water 
of the pneumatic cistern. 

Wh^ is there so much nitrogen in atmospheric air^ 
seeing that it is injurious to animal life 7 

Because it dilutes and modifies the oxygen of the at- 
mosphere, so as to prevent too rapid combustion, and 
stimulating respiration. Dr. Lambe observes, that " if 
the proportions of oxygen and nitrogen were revers- 
ed in atmospheric air, die air taken m by respiration 
would be more stimulant, the circulation would become 
accelerated, and all the secretions would be increased ; 
the tone of the vessels, thus stimulated to increased ac- 
tion, would be destroyed by over excitement, and, if 
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the supply from the stomach were noc equal to the oon- 

sumpdOD, the body must inevitahly waste and decay. 

Wkj %8 nitrous oxide popviarhf catied *^laugkBiig- 

Because it produces a certain degree of pleasurable 
excitement, often accompanied by laughter, in those 
who inhale it. It was discovered by Ih*. Priestley, in 
1772, but was first accurately investigated by Sir Hum- 
phry Davy, in 1779, The best mode of procuring it 
IS to expose nitrate of ammonia to the flame of an ar- 
gand lamp, in a glass retort When the temperature 
reaches 400° Falirenheit, a whitish cloud will begin 
to project itself into the neck of the retort, accompanied 
by the copious evolution of gas, which must be col- 
lected over mercury for accurate researches, but for 
common experiments may be received over water. 

In Sir Humphry Davy's volume of ife^carcAe*, con- 
cerning nitrous oxide, are many intei-esting details of 
its effects when respired. Sir Humphry describes those 
upon himself thus : — " Having previously closed my 
nostrils and exhausted my lungs, I breathed four quarts 
of nitrous oxide firom and into a silk bag. The first 
feelings were similar to giddiness ; but in less than 
half a minute, the respiration being continued, they 
diminished gradually, and were succeeded by a sen- 
sation analogous to gentle pressure on all the muscles, 
attended by an highly pleasurable thrilling, particular- 
ly in the chest and the extremities. The objects around 
me became dazzling, and my hearing more acute. 
Towards the last inspiration the thrilling increased, 
and at last an irresistible propensity to action was in- 
dulged in. I recollect but indistinctly what followed : 
I know that my motions were various and violent 
These effects very soon ceased after respiration. In 
ten minutes I had recovered my natural state of mind. 
The thrilling in the extremities continued longer than 
the other sensations. Almost every one who has 
breathed this gas, has observed the same things. On 
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mme few, indeed, it has no effect whatever, and on 
others the effects are always painful." The experiment 
cannot be made with impunity, especially by those 
who are liable to a determination of blood to the head. 

9Vhf %8 nUric acid so called f 
. Because it is usually obtained by distilling purified 
nitre with sulphuric acid ; this, however, is only suffi* 
ciently pure for ordinary purposes. 

Nitric acid stains the greater number of animal sub- 
stances of a yellow colour, and is hence used in pro- 
ducing yellow patterns upon coloured or woollen goods; 
it is used in fumigations, to destroy contagious and 
infectious matter, more especially in inhabited apart- 
ments, where chlorine would prove injurious. For th is 
purpose, nitrate of potassa (nitre) and sulphuric acid 
are mixed in a saucer, and thef evolution of the acid 
vapour aided by a gentle heat. In pharmacy, and a 
variety of other processes, it is susceptible of interest- 
ing apnlications : it is used for etching on copper, and 
as a solvent for tin,* in the preparation of valuable 
mordants, used by dyers and caUco printers. It is an 
important agent in metallurgy, and especially in the 
art of assaying. — Brandt, 

For the piurpoees of the arts, it is commonly used in 
a diluted state, and contaminated with the sulphuric 
and muriatic acids, by the name of aquafortis, A com- 
pound, made by mixing two parts of the nitric acid 
with one of muriatic, known formerly by tlie name of 
aqua regia, and now by thatofnitro-muriatic acid, has 
the property of dissolvmg gold and platina. 

Jfhg %a oxalic acid also called add of sugar f 

Because it is most conmionly procured by the action 
of nitric acid on sugar. 

* Ib a recent Gennan Journal, M. Mitscherlich mentions that iron, 
tim, and wveial other metals, may be put into, and even boiled in 
nicie acid, of 1JSS3 specific gravity, without the least effect } whilst 
sine ii tmmediitnly oxidized and dissolved. 
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fluid having the power of taking up and condensing 
nearly 670 times its own bulk of ammoniacal gas ; and 
when thus saturated, the solution is lighter than an 
equal volume of water, in the proportion of 875 to 1000. 

fVhy %8 ammonia important in dyeing 9 

Because of its extensive use in making archil. A 
Florentine merchant, about the year 1300, having ac- 
cidentally observed that stale urine, which always 
contains ammonia, imparted a very fine colour to a 
certain species of moss, &c., made experiments, and 
thus learned to prepare archil. — BerthoUet, 

A recent French Journal states, that aqua ammonia 
will give to new brandy all the qualities of that of the \ / 
didest date. Five or six drops of the ammonia are to 
be poured into each bottle of brandy, and shaken well, 
that it may combine with the acid, on which the taste 
and other qualities of the new liquor depend. 

Why is ammonia so abundantly found in nature? 

Because all putrifying animal and vegetable sub- 
stances furnish it, in proportion to the quantity of ni- 
trogen which they contain. It is, however, now gene- 
ndly procured by dry distillation of bones, horns, &c 
Besides various uses in the arts, in chemical researches, 
and in medicine, ammonia combinf^s with carbonic 
acid, and forms the article known as volatile saUsy 
which are likewise obtained from coal soot, and from 
the waste liquor collected in the manufactories of coal 
gas. It has also an useful domestic application in aid- 
mg the lightness of bread ; which is explained by its 
great volf^ity, and the heat of baking. Another and 
more extensively usefiil combination of ammonia, is 
with muriatic acid, forming muriate of ammonia, or 
md amfinomac, originally fabricated in Egypt, from the 
soot of the dung of camels, burnt as fuel. It is now 
made in Europe, and is used by dyers to prevent tin 
from precipitating ; in tinning metals, to cleanse the 
surftc^ and prevent them oxidizing by heat ; and in 
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the assay of metds, to discover the presence oT iron; 
dissolved in nitric acid, it also forms the aqaa n^ 
of commerce. 

Native ammonia is found in the vicinity of volcanoes, 
in some of tlie mountains of Tartary and Thibet, and 
in some of the Tuscan lakes. It has also be^i detected 
by Dr. Marcet in seawater. On pit coal it may also 
be sometimes seen in a yellowish white powder. 

Why u old decomposed dung comparatwely unless as 
manure ? 

Because, as soon as dung begms to decompose, it 
tlirows off its volatile parts, which are the most valu- 
able and most efficient. 

Why is soot a potperful manured 

Because it possesses ammoniacal salt, empjrreumatic 
oil, and charcoal, which is capable of being rendered 
soluble by the action of oxygen, or pure vital air. 

Why are the stem and leaves of the heet-root valuable^ 

Because, when dried and burned, they yield ashes 
so rich in alkali, that it mehs easily by heat, and sur- 
pasises many of the common varieties of potassa. 

SULPHUR. 

Why are common pyrites roasted to obtain sulphir^ 

Because, the flimes being received into a long cham- 
ber of brickwork, the sulphur is gradually deposited; 
it is then purified by fusion, and cast into sticks. 

WJiy toill a roll of s^dphur, when suddmly seized in 
a warm hand^ craxMe, and sometimes fall in pieces f 

Because the action of heat is unequal, the sulphur 
conductmg it but slowly, and having little power of 
cohesion. 

Sulphur is one of the few elements which occur in 
nature in their simple form. It is a well known mi- 
neral substance, found in large quantities in the neigh- 
bourhood of volcanoes, and as an article of conunerce 
kr chiefly brought from the Mediterranean. The effect! 
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bf heat upon sulphur are very curious. It is readily 
melted and volatilized, and begins to evaporate at 170% 
and to fuse at 105*'. At 220*^ it becomes completely 
fluid ; betvreen 226*^ and 228*^ it begins to crystallize ; 
between 230^ and 284'' it is as liquid as clear varnish, 
and of an amber colour ; at about 320^ it begins to 
ihickmj and acquire a red colour, and on increasing 
the heat, it becomes so thick that it will not pour. Be- 
tween 428*' and 572°, the colour is a red brown ; from 
572*^ to the boiling point it becomes thinner, but never 
so fluid as at 248" ; the deep red brown colour continues 
till it boils. It sublimes (this term is used to denote 
the evaporation of a solid) at 600°, and condenses into 
the form of a powder, or, as it is termed, of Jloioers. 
When poured into water, in complete fusion, it be- 
comes of the consistency of wax, and of a red colour; 
it may then be used for taking impressions from en- 
graved stones, and hardens upon cooling. In a French 
Journal we read, "though it is well known that sul- 
phur which has been recently fused does not immedi- 
ately recover its former properties, no one suspected 
that it required whole months, and even a longer pe- 
riod, fully to restore it." 

fFhy is sublimed svlphur^/or ddicate purposes, voashed 
with hot toater 9 

Because it is always slightly sour. The purity of 
sulphur may be estimated by gradually heating it upon 
a piece of platinum leaf; if tree from earthy impuri- 
ties, it should totally evaporate. It should also be per- 
fectly soluble in boiling oil of turpentine. 

Wty is sulphuretted hydrogen of easy production ? 

Because sulphur, in its ordinary state, always con- 
tains hydrogen, which it gives off during the action of 
various bodies for which it has a powerful attraction. 
Berzelius, by heating sulphur with oxide of lead, re- 
marked the formation of water, but in such small and 
indefinite quantities, as induced him to adopt the gen- 
59* 
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Because the acid grudually unites with a further 
propgrtiou of oxy^n, and the compound is taken up 
by the water. When sulphur is burned in dry oxygen 
gas, there is no change of Tolume. Again, on the mix- 
ture or dilution of stnphuric acid, great heat is given 
out l^ the further admixture of oxygen. Four parts 
of acid and one of water, produce, when suddenly 
mixed, a temperature=ac300'^. According to Dr. Ure, 
the greatest heat is evolved by mixing 73 of acid with 
27 of water. 

Sulphuric acid is also obtained without nitre, by a 
patented process invented by Mr, Hill. " Coarsely 
powdered iron pyrites are submitted to a red heat, in 
cylinders communicating with a leaden clinmber con- 
taining water ; part of the sul])hur, as it bums out of 
the pyrites, appears at once to pass into the state of 
sulphuric acid." — Brande, 

Native sulphuric acid is not uncommon. In 1829, 
M. Egidi, druggist of Ascoli, witnessed in a spacious 
cavern a violent disengagement of sulphuric hydrogen, 
which, in contact with atmospheric air, became gradu- 
ally decom|)osed, and produced water and sulphur ; the 
latter deposited on the sides of the cavern, and princi- 
pally fonned sulphates of li?ne crystallized; and lastly, 
mdphuric acid, ruiming down the sides of the jcmem. 
Professor Eaton describes the natural occurrence of 
sulphuric acid in large quantities, both in a diluted 
ana a concentrated state, in the town of Byron, ten 
miles south of the Erie canal. The place has been 
known in the vicinity, for seventeen years, by the name 
of the sour springs, mu\ consists of a hillock 230 feet 
long and 100 broad, of an ash-coloured alluvion, con- 
taining an immense quantity of exceedingly minute 
grains of iron pyrites : it is mostly covered with a coat 
of charred vegetable matter four or five inches thick, 
and black as charcoal ; the same kind of matter extends 
on all sides, fi-om the base of the hillock over the 
plain. Its charred state is caused wholly by the 
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with water and sulphuric acid, yields phosphoric acid ; 
this, mixed with charcoal, and distilled, yields phos- 
I^ret of >carbon, and this by re-distillatioii becomes 
phosphorus. Thenard is of opinion that phosphorus 
cannot be entirely freed from,cnarcoal, a minute quan- 
tity of which does not impair its whiteness. Does not 
this illustrate its eagfy combustion ? 

Mr. Parkes notes that phosphorus was accidentally 
discovered at Hamburg, in 1669, by an alchemist 
named Brandt, in his search after gold ; and two years 
afterwards, one Kraft brought a small piece of phos- 
phorus to London, on purpose to show it to the king 
and queen of England. Mr.* Boyle afterwards dis- 
covered the process, which he described in the PhUo- 
Mopkical Tranaadions for 1680, and in a little book 
wnich he published in the same year, entitled the 
Atrial NbdUuca, Mr. Boyle instructed Mr. Godfrey 
Hankwitz, of London, how to procure it from urine, so 
that he was the first who made it for sale in England ; 
and he continued to supply all Europe with it for 
many years. 

Why does phosphorus shine in the air in the dark^ toith 
a pale blue light? 

jBecause of its very slow combustion, which is at- 
tended by the production of acid : hence the necessity 
of preserving it in water ; this has a luminous property 
when agitated. The combustion ceases in close ves- 
sels, as soon as the greater part of the oxygen has been 
absorbed. This light is caused by a white smoke ; but 
in air perfectly dry, phosphorus does not smoke, be- 
cause tne acid which is formed, and closely encases the 
combustible, screens it from the atmospherical oxygen 

In the vacuum of the air-pump, phosphorus, in 
smaU pieces loosely enveloped in cotton, will generally 
inflame, and bum for some time, with a pale bhie 
li^ht : and, in the same circumstances, it more readily 
kmdles if sprinkled with powdered resin or sulphur ; 
alone, it does not inflame.— ^raru/e. 
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rus. When perfectly dry, phosphorua inflames at a 
temperature of 60®. 

fhy is the phmotntnon caUed ^^fFtO-o'-the-Wisp^^ 
produced $ 

Because of thephosphuretted hydrogen gas in stag- 
nant waters and marahy grov.^; its origin being 
mt>bably in the decomposition of animal substances. 
The peculiar odour of fishes, when putrifying, arises 
from the emission of this gas. 

COAL GAS. 

ffliy does cocdy svhjeded in close vessels to a red heat, 
produce gas 9 

Because the carbon and bitumen, of which the coal 
consists, thus become volatilized ; and hydrogen, hold* 
ing carbon in solution, is the result : this gas, combining 
vmh the oxygen of the atmosphere, produces combus- 
tion and flame. These gaseous products contain also 
more or less sulphuretted hydrogen, and carbonic oxide 
and acid. Dr. Henry conceives that gas to have the 
greatest illuminating power, which, in a given volume, 
consumes the largest quantity of oxygen. 

Dr. Clayton seems to have been the first who per- 
formed this experiment, with the view of artificial illu- 
mination ; though its application to economical pur- 
poses was unaccountably neglected for about sixty 
years. At length, Mr. Murdoch, of the Soho Foundry, 
mstituted a series of judicious experiments on the ex- 
trication of gas fit>m the ignited coal ; and succeeded 
in establishing one of the most capital improvements 
which the arts of life have ever derived fit>m philoso- 
phical research and sagacity. — Ure, 

The coal is placed in oblong cast-iron cylinders or 
retorts, which are ranged in fiunaces, to keep them at 
a red heat, and all the volatile products are conveyed 
by a conamon tube into a condensing vessel, kept cold 
by immersion in water ; and in which, the water, tar, 
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jntchf ammoDiajCffil and other condensable yapo^ 
retninesL — Brandt, ' 

TJie proilurtiori of hydrogen gas Ln a tobacro-i 
by iillini,' rlie bowl vvitJi powilered coaJ, ibcn lut 
over, and |jlaeing it in a firt", — is well kno^-vii ; but 
more familiar Hr€ thr ii]tLTrml»* buratio^ out ao 
tinction of ihorst* InuiungjetH ofpHdiyvapour, w 
as Dr. Aniott uptly obsurvc^, ** rouiril)ute to r<?ii 
conniioa fire an object fo Uvely, and of such &gren 
eontenipkition in the winter eveuiiigs." 

fVhy ivas gas adopttd in coUon'miUs soon q/l 
invmtmn ? 

Because? of the pcculitir softness, clearnesg, aiti 
varying intensity of its light. Its being free frcw 
inconvenience and danger rt^ulting from tlie s 
and frequent snuffing of canrllifi, is a circujnstani 
material iinportaiice, tending to diuunisb the III 
of fire, tmd ieaaeiiing the high insurance preuiiui 
cotton -I lulls. 

Mr. Brande ilhietrates the economy of gni< ilium! 
tion, by examining the value of the jiroducte of dii 
lation of a clialdfon of roab, the avenige cost of 
may be considered a& £2. It should afford 

n €ha|Liroii cf Coke, at aOs £1 5 i^ 

54 flallttTiii {>f Tar and AmitioniacR; Liquor at Id, a 
1"»0 tubit ftset of Gas, M ISn. per 100 C. F, . 7 Ifi 



£U 3 ft 
The histor)^ and economy of gas-hghting have 
copiounly illu!*tnitcyd in several volumes exclui 
devoted to tlie subject i hb well as by the experin 
ing skill of some eminent chemists, as Messrs. H( 
Brande, Ur**, Arcum, mid others. From one of 
works, aided by the Re|M)rts of the hitr^ 8ir W2 
Congrcve, w^e learn that in die year 1814 there 
only one gasometer in FetcH'-street, WeHtniinsta 
14j000 cubic feet» belonging to tlie Chartered « 
Light Company, then the only company eBtabliahl 



M 



T% tnCAR CHEMISTRY. 129 

London. In 1827 there were four great companies, 
haring, altogether, gasometers at work capable ofcon- 
taininff in the whole 917,940 cubic feet of gas, sup- 
plied oy 1,315 retorts, and these consuming 33,000 
chaldrons of coal in the year, producing 41,000 chal- 
drons of coke ; the whole quantity of gas generated 
annually being upwards of ^,000,000 cubic feet ; by 
which 61,203 private, and 7,268 public or street, lamps 
are lighted, in the metropolis. In addition to these 
great companies, there were several private establish- 
ments, whose operations are not included in the fore- 
goinff statements ; for, it appears that where more than 
fifty lights are required, a coal-gas apparatus will be 
found profitable. Thus, the gas for the office of the 
MarmngChronide newspaper is made on the premises. 

According to Mr. Murdoch's statement, presented to 
the Royal Society, 2,500 feet of gas were generated 
firom 7 cwt= 784 lb. of cannel coal. This is nearly 
3| cubic feet for every pound of coal, and indicates 
judicious management. The price of the best Wigan 
cannel is IS^L per cwt delivered at Manchester ; or 
about 8*. for the 7 cwt About one-third of tlje above 
quantity of good conmion coal, at 10*. per ton, is re- 
quired for fiiel to heat the retorts. Nearly two-thirds 
of the weight of the coal remain in the retort, in the 
fi>rm of coke, which is sold on the spot at 1*. 4rf. per 
cwt. The quantity of tar produced from each ton of 
cannel coal, is from 11 to 12 ale gaUons. This tar is 
now extensively used as paint for out-buildings, &c. ; 
and the ammoniacal liquor, also a result of the process, 
is turned to still more advantageous account, in the 
manufiicture of carbonate of anmionia ; (ste p. 119) so 
that nothing is lost. 

ffku is U necessary that the cylinders or retorts shotdd 
hereJhotf 

Because the gas may be produced instantly the coals 
are introduced. I( on the other hand, coal be put 
into a coal retort, and slowly exposed to heat, its bitu- 
60 
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men is merely volatilized, in the state of condeDsable 
tar. Little gas, and that of inferior illuminating power, 
is then produced. 

Ifhy does coke hum vnthout smoked 

Because it is the distilled coal remaining in the re- 
torts after the above process, and is consequently Creed 
ih>m all gases and vapours. Dr. Amott oosenres, that 
**a pound of coke produces nearly as much heat as a 
pound of coal ; but we must remember that a Dound 
of coal gives only three-quarters of a pound or coke, 
although the latter is more bulky than the former.'' 

JVhy are the gaseous products passed through qwk' 
lime and under ? 

Because tlie sulphuretted hydrogen, and carbonic 
oxide and acid, may thus be absorbed ; while the car- 
buretted hydrogen gases are transmitted sufficiently 
pure for use into gasometers, whence the pipes issue 
for the supply of streets, houses, &c. 

Why is a gasometer so called f 

Because it enables the manufacturers of gas to mefe, 
or measure, with accuracy, the quantity of gas ex- 
pended, in proportion to the number of jets or burners 
made use of. The essential conditions of any a[^para- 
tus fb¥ this purpose, are, that the pressure on the gas, 
while ])assing through the measurer, shall at all times 
he uniform : and that it shall register truly when that 
pressure is very small, and when the current of gas is 
veiy feeble. 

The gas is conveyed or laid on to the premises of the 
consumers, by pipes called mainsy which, in London, 
in the year 1824, extended SXX) miles. Other methods, 
have, however, been adopted for its conveyance ; and, 
in 1827, there was at Manchester an itinerant gaso- 
meter, capable of holding more than 1000 cubic feet 
of ffas ; this being mounted upon wheels, and filled 
with ffas from the gasometer at the works, was trans- 
ported about the streets of Manchester, and delivered 
mto the gas-holders of the Company's customers. 
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Why is it important that the holes in the gas-humer 
be not too lai^j 

Because, if this poiot be not attended to, the eas will 
be incompletely burnt Increased len^h of flame 
makes imperfect combustion, and diminished intensity 
of U^t 

Mr. Accum gives the following interesting statement 
of ffas-buroers. "An argand burner, which measures 
in me upper rim half an inch in diameter between the 
holes fiom which the gas issues, when furnished with 
five apertures, l-25th part of an inch in diameter, con- 
sumes two cubic feet of gas in an hour, when the gas 
flame is IJ inch high. The illuminating power of this 
bamer is equal to three tallow candles, eight in the 
pound. An argand burner, three-fourths of an inch 
m diameter, as above, and perforated with holes l-30th 
of an inch in diameter (probably fifteen in number) 
consumes three cubic feet of gas in an hour, when the 
flame is 2| inches high ; giving the light of four can- 
dles, ei^ht to the pound. And an argand burner, 
seven-eighths of an inch diameter, as above, perforated 
^th eighteen holes, l-32nd of an inch diameter, con- 
sumes, when the flame is three inches high, four cubic 
feet of gas per hour, producing the light of six tallow 
candles, ei^ht to the pound. The height of the glass 
ehinmey should never be less than five inches. 

ffhy is cannd coal best adapted for distillation f 

Because it contains most bitumen, and least sulphur. 
A pound of good cannel coal, properly treated in a 
small apparatus^ will yield five cubic feet of gas ; equi- 
valent in illuminating power to a mould candle, six 
in the pound. On a great scale, however, 3^ cubic 
feet of good eas are all that should be expected fi'om 
one pound of coal. A gas jet, which consumes half a 
cnbic foot per hour, affords a steady light equal to that 
of the above candle. 

Why does carburetted hydrogen give outj during its 
eombmtionj much more liglU than ike svbcarburettedi 



deposiiiou, the Jiglit beeomc^jlHB^HlH 
diic<?(l in iiiteusity. 

ffhjf is the Jlame of a cantMt of varion 
Because of the different stages of com 
Thus, at tl]© l>oitom part, where the inflan 
are ^iven off in tlii^ Btiiallesl qiiantitj% ant 
lire most iutiniatt^ly rnixed with the air* 
tjorj is at niire eoniplete, ami the fight i^^ h]\ 
the ceatre pjirt, where the pai'ticles nf chu 
tf> a le^fis adjuixtiire of oxygen, are tlirown 
state^and become irtean descent heibre the 
burnt, 18 wliite and Id^ldy hrdUant; am 
where the chai-coal is in still jt^rfaier 
much of it tinally escapes eomhusiion, ia I 
ue m seen when a eaiidle reqtiiressmiffinj 
Dr. Ure, a few years since, made a set on 
on the relative intensities of hght, and dJ 
fen^nt candles, the result of wluch im coc 
following tahle : — 
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tion. The liffht of a streian of ignited hydrogen is 
scarcely visible in the day-light ; but if a small coil of 
platinum wire be suspended in it, or some solid body, 
m very fine powder, such as the oxide of zinc, be pro-^ 
jected through it, it becomes very luminous. 

OIL GAS. 

Why is oH g^as cheaper than cod gas ? 

Betiause purified coal gas seldom contains more than 
40 per cent in volume of olefiant gas, while oil gas 
generally affords about 75 per cent : hence its superi- 
<Mrity for burning, and the relatively small quantity 
consumed. Thus oil, by being allowed to trickle into 
a redhot retort, half filled with <;oke or pieces of bricl^ 
to increase the heated surface, is decomposed, and 
yields a large quantity of gas, which is much richer in 
carburetted hydrogen than coal gas, and therefore 
much better fitted tor the purposes of illumination. It 
contains no mixture of sulphuretted hydrogen, and re- 
quires no other purification than passing tlSough a re- 
frigerator ; and as less of it is required for any given 
quantity of light, the atmosphere of a room is less heated 
and contaminated by its combustion. It is, however, 
considerably more expensive than the gas from coal ; 
although the first outlay of capital for a manufactory 
upon a large scale is less, on account of the smaller 
size of the necessary pipes and apparatus. The com- 
monest whale oil, or even pilchard-dregs, quite unfit 
lor burning in the usual way, afibrd abundance of ex^ 
cellent gas. A gallon of whale oil afibrds about 90 
cubical feet of gas, of an average specific gravity of 
0.900 ; and an argand burner, equal to seven candies, 
consumes a cubical foot and a half per hour. Its eco' 
noray may be judged fi-om the following table :-— 



Argand burner, oil gas, per hour }d. 

eUoil 3d. 

Wax candles ..'.'.'.' is. 3. 



Argand imps, spermaceti 
"' ■ ' dies 



Mould cnndies . 

60*. 
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Mr. Brande addsj that a pint of the best 
tveJghing aLwyut 13 otiueesj lmms» in a well 
QTgand, about ten lioiirB. Atid by a Beries of 
mpnts, conducted with every requisite caiitii 
found, that lt> produce ilie light of wii wax candJ 
one hour^ then; %vcTe re»|uired^ 
2600 cubical incJies of pure carburetttdi hydrogen, or olofli 
4875 on 



mm 

oafj 



ffluj is oU vsed btf the PoriaUe Gas Compi 

Because they are enahiRd to compress the i 
nmlter obtained ti"om oil to ahout oue-tliirtieu 
volunie, or into a certain new Jitjuid compound, 
less or opalescent, yejlow by tran?rnitteri, green 
fleeted liKJit ? ^^fl comljUFtihle, htiniing with 
flaiue. Hen<;e its poricdiilitif. AVhen the bottl 
teiniag it is opened, evaporation takes place fii 
BUrtace of the liquid ; Liut tliii^ vapour soon ceaa 
tlie remainder h comijaiatively fixed. 

M%^ is gas Jrom icood tmt ill adapted for il^ 
Hon '^ 

Because it la so deficient in tlie compounds 
hoii and hydrogen. In manufactories, liovvef 
cliarcoal in iron retorts, tor the making of ^unp< 
the gas winch is given off is led by a (lipc und 
cyhnders, and is economically employed in mi 
iiig their hc&t. 

EoaiN aAS, 

Why ig mmn g-oj? even more advantagtovs than m 
Because rosin is of lower price, and le^ ti 
fluctuations of value, than oil : indeed, the cost 
gas m stated at one-fourth that of oil ; and tlie If 
Bating power of rosin gas, when compared witl 
from coal, is as two and a half to one, while it 
greater puritj^ lliun that from coal or oiL j 

For the origin of this improvement we are inj 
to 5Tn J. F, Daniell, die distinguished ineteoroli 
his mode of treating Uie roeiu j% to diseolve by £ 



d 



I»OPUI.AR CHKMISTRT. 135 

heat about 8 lbs. in a gallon of the esseDtial oil, which 
is plentifully formed during the composition of oil for 
making gas, or of rosin itself. This solution was al- 
lowed to trickle into the heated retort haif filled with 
coke : thus, from 1000 to 1200 cubit feet of gas are 
obtained from 1 cwt. of rosin, and rather more than 
the original quantity of volatile oil is condensed, which 
is again employed for the solution. Mr. Daniell pa- 
tented this means about three years since, and an ap- 
paratus on the plan has been erected by M. Martineau 
for the London Institution. 

The burners consume about 1000 cubit feet of gas 
per day, obtained by 100 lbs. of common rosin, at about 
tiff., dropped with oil of turpentine on heated iron 
cylinders, in the proportion of 10 gallons of turpentine 
to 100 Ihs. rosin ; but the cost of the turpentine is not 
included in the 65., as the same oil may be used over 
and over again, for any length of time. 

Mr. Brande thus illustrates the advantages of rosin 
gas: — "The sources of supply are as inexhaustible, 
and more generally distributed, than those of the coal ; 
and the forests of America, France, Spain, and Italy, 
yield the turpentine in quantities only limited by the 
demand. Many large towns in this country, in Ame- 
rica, France, Holland, and the Netherlands, have al- 
ready adopted the use of this gas. The elegance and 
simplicity of the manufacture, and the comparatively 
small capital required for the erection of the works, 
will also give it the i)reference in the creation of new 
establishments." 

Returning to the comparative value of different 
hydro-carburetted gases, for the purpose of illumina- 
tion, it seems evident, from Dr. Henry's experience, 
tbaty whatever be their source or composition, it may 
be most accurately determined by the quantity of oxy- 
gen required to saturate equal volumes. In other 
words, quotes Mr. Brande, the illuminating powers of 



HTDROCrASfIC A 

Why is hifdroc^anie ncid no a 
BecmisG it consists of hydrnger 
pound, cyan open, so styhil by M, 
)t IS the princijile wlikli gcnei 
Greek wordg, sigriifviiig the bltie 
obtained by means of Prnssian bl 
calleii prvjssic add. Tlie acid 
etrong pungent odnur, very like tl 
its taato is acrid, and it is hiji^hly i 
inhalation of its vapour shoukfbt 
lizes m mpidly as to frc^ezc itself* 
From the experiments of M, 
that the pure liydrncyanic atrid i 
all poisons. Whc'n a rod dipjied 
contact with ilie tongue of mi t 
befure the rod can Iw witbdrav\Ti. 
moment ov€r tjte mouth of a phia 
it dies. In the *^nialejs it Chin 
this notice i M. B., Professor of C 
ci«knt upon a table, a flask con 
pregnated mth prtiasie acid; the 
the agreeable flavour of the liqui* 

fflass o£jL Tn twn miniifpa fttiia i 
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leans one ten-thousandth part of the acid may be 
ed in water. Another test, in which copper is 
will, however, detect one twenty-thousandth of 
sid in water. We must render the liquid con- 
^ the hydrocyanic acid slightly alkaline with 
I, add a few drops of sulphate of copper, and af- 
rds sufficient muriatic acid to redissolve the ex- 
f oxide of copper. The liquid will appear more 
I milky, according to the quantity of hydrocyanic 
)resent. M. Ortiia recommends nitrate of silver 
«t, by which the acid will be precipitated in the 
)f cyanure of silver. 

PROPERTIES OF METALS. 

/ did the ancients designate the seven metals 
to them by the names of the planets^ 
ause they were supposed to have some hidden 
n : each being denoted by a particular symbol, 
anting both the planet and the metal. 

Gold . . . was the .... Sun. 

Silver Moon. 

Mercury Mercury 

Copper Venus. 

Iron Mars. 

Tin Jupiter 

Lead Saturn. 

\f are some metals called native $ 
ause they occur pure or alloyed, and have but a 
attraction for oxygen ; such as platinum, gold, 
mercury, and copper. Metals are also found 
ned witli simple sui)porters of combustion ; the 
of these are metallic oxides. Metals combined 
imple inflammables, include native metallic sui- 
ts. Metals in combination with acids, include 
ic salts. — Abridged from Brande. 
\f are some metals called native alloys^ 
ause they are found combined with other metals. 
f are metals refined by Jvre^ 
ause advantage is taken of some property in 



Ill m en i^iuuvE Bpvjvuiu gravjuciH 

Metals, when exposed to the ac 
rjne, or iodine, at on elevated le 
take fire, anrl, conibinlng witli o 
three elenieiilary disHolventa, in 
are converted into earthy or si 
devoid of metalJic lustre and du 
chloiidep, or iodides. 

fVkt/ have the meialSf cw a clai 

Because of their great power c 
consequence of their opacity. ^ 
*' their opacity is such, that, whe 
thinnest poseihle leaves, they tntn 
leaf; only one bundred-thousandtl 
nesSj J9 perfectly opaque. Gold 
exceptioDj which, when beaten 
two-hwudred- thousand tb of an iuc 
rnits green rays of ligbL" 

ffk^ art tite potiaked mdals pt 
wg mirrors 9 

Because they are very imperfi 
ceivera of heat, but excelleui ref 
and heat* 

FOTASSIPM. 
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hmng the lustre and outward characters of quick' 
BilTer. 

fFhf is pifUunum important to the philosophical cht" 
misif 

Because it is capable of detecting and separatiDg 
oxygen wherever it may exist, and however intimate 
and energetic may be the nature of its combinations. 
By its means water may be detached from the most 
hi^ily rectified alcohol and ether ; and, by its decom- 
position, hydrogen gas will be evolved. Potassium 
also combines with phosphorus, sulphur, and hydro- 
gen ; it forms metallic alloys with gold, silver, mercu- 
ry, and some other metals ; at a red heat it will de- 
compose glass ; and is even capable of reducing all the 
metallic oxides. — Parkes, 

Potassium was discovered in 1807, by Sir Humphry 
Davy: he obtained it by submitting caustic potassa, 
or potash, to the action of Voltaic electricity ; the metal 
was slowly evolved at the ne^tive pole. Gay Luasac, 
and Th^nard, first procured it by heating iron turnings 
to whiteness in a curved gun-barrel, and melting pot- 
ash to come in contact with the turnings, when, air 
being excluded, potassium was formed, and coUected 
io the cool part of the tube. 

fFhy does potassium bum with a beautiful Jlame on 
waUri 
Because the potassium decomposes the water and 

\ absorbs the oxygen, while the hydrogen of the water 
escapes and takes fire by the heat which the rapidity 
of the action produces. 

t Why does sulphuric add, when dropped on chlorate 

g ofntdassoy cause it to ignited 

^ Because of the evolution of oxide of chlorine. A 
mixture of sulphuret of antimony, and the salt sud- 

I denly deflagrates with a bright puff of flame and 
smoke. Matches tipped with this inflammable luix- 

^ tuce are now in common use, and are inflamed by 
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contact with asbestos saturated with sulphuric acid. 
Berzelius gives the following as the best composition 
for the matches : 30 parts powdered chlorate of potas- 
sa, 10 of powdered sulphur, 8 of sugar, 5 of gum ara- 
bic, and a httle cinnabar. The sugar, gum, and salt, 
are first rubbed together into a paste with water; the 
sulphur is then added, and the whole being thoroughly 
beaten together, small brimstone matches are dipped 
in, so as to retain a thin coat of the mixture upon their 
sulphuretted points. A similar compound is employ- 
ed in percussion gun-locks : gunpowder, made into a 
paste with water and chlorate of potash, is dropped in 
small copper caps adapted to the tubular touch-hole of 
the gun, when a blow inflames the powder, and com- 
municates to that in the barrel. Fulminating mercury 
is, however, now substituted for this composition, 
which is found to rust the touch-hole. 

JSTote to " Steam," page 113. 

In the whole range of English literature, perhaps there is nothing 
more curious than the following prophecy respecting Steam, io Dr. 
Darwin's Botanic Garden^ published in 1789, hut written, it is well 
known, at least twenty years before the date of its publication : 

Soon shall thy arm, unconquer'd steam, afar 

Drag the slow barge, or drive the rapid car j 

Or on wide waving wings expanded bear 

The flying chariot through the fields of air. 

Fair crews triumphant leaning from above 

Shall wave their fluttering 'Icerchiefs as they move ; 

Or warrior bands alarm the gaping crowd, 

And armies shrink beneath the shadowy cloud : 

So mighty Hercules o'er many a clime 

Waved his huge mace in virtue's cause sublime ; 

Unmeasured strength with early art combined, 

Awed, served, protected, and amazed mankind. 



END OF PART XII. 
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MECHANICS. 



INTRODUCTORY. 



art certcdn truths termed physical f 
186 they explain the^ greater part of the phe« 
of nature, the term physical being derived 
e Greek word signifying nature; an appella- 
tinguishing them from chemical truths, which 
particular substance^ and from vital truths, 
lave relation only to living bodies. — JtrnxM, 
is an atom so caUedf 

188 ^f its origin from a Greek word signifying 
ieh cannot he farOier divided; or, an exceed- 
inute resisting particle. 
is the term attraction used^ 
uae the atoms of which the visible universe is 
p, whether separate, or already joined into 
tend towards all other masses, with force pro- 
5d to their proximity: as, when any body 
or falls towards the great mass of the earth, 
1 the tides on the earth rise towards the moon. 
is the term repulsion used9 
iiae, under certain* known circumstances, as of 
{used among the particles, their mutual aUrac- 
countervailed or resisted, and tliey tend to 
J with force proportioned to their proximity : 
3n heated water bursts into steam, or when 
^r explodes. 
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Why is Vie term ineriia tuedf 

Because it deuotes that the atoms, in regara to 
motiou, have about them what may be figuratively 
called a stiMomncsSy tending always to keep them in 
their existing state, whatever it may be; in oth^ 
words, that bodies neither acquire motion, nor lose 
motiou, nor bend their course in motion, but in exact 
accordance to some force applied. 

This, and the three preceding definitions, are de- 
rived from the Synopsis of Dr. Amott's valuable 
Elements of Physics, Part I. third edit 1828; the 
author pertinently observing, that "a person compre- 
hending fully the import of these four words, oiom, 
attraction, repulsior^ inertia, may predict or anticipate 
correctly, very many of the facts and phenomena 
which the extended experience of a life can display to 
libn.*' 

ffhv are not men sensible of the rapid motion of the 
earths 

Because all things move at the same rate. What- 
ever common motions objects may have, it does not in- 
terfere with the effect of a force producing any new 
relative motion among them. All the motions seen 
on earth are really only slight differences among the 
common motions : as, in a fleet of sailing ships, the 
apparent changes of place among them are, in tnith, 
only slight alterations of speed or direction in their 
individual courses. 

Why does a sptre or obelisk stand more securely en 
the earth, than a pillar stands on the bottom of a m/oving 
wagon ^ 

Because the motion of the earth is uniform, and not 
that the earth is more at rest than the wagon. Were 
the present rotation of our globe to be arrested but for 
a moment, imperial London, with its thousand wpaK% 
and turrets, would be swept firom its valley towards 
the eastern ocean, just as luose snow is swejlt away by 
a gust of wind. 
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H^ doei a ball, ht.drop from the hand, fall imth 
grtaier vehcibf the nearer it approaches the earths 

Because, owing to the inertia of matter, any force 
eontinuing to act on a mass which is free to obey it, 
produces in the mass a quickening or accelerated 
motion ; for, as the motion given in the first instant, 
continues afterwards without any farther force, mere- 
ly on account of the inertia, it follows that as much 
more motion is added during the second instant, and 
m much again during the third, and so on. A falling 
body, therefore, under the influence of attraction, is, 
m it were, a reservoir, receiving every instant fresh 
Telocity and momentum (or quantity of motion). The 
helffht of a precipice, or the depth of a well, may be 
. ju<]^;ed of with considerable accuracy, by marking the 
time required for a body to fall through the space. 
A body falls four times as far in two seconds as in one, 
although the velocity, at the end of two seconds, is 
only doubled. — Amott. 

A body ^Is by gravity precisely 16 1-16 feet in a se- 
cond, and the velocity increases according to the 
squares of the time: viz. 

In i " (quarter of a second) a body falls 1 foot. 

^ " (half a second) ditto 4 

1 second ditto 16 

•> 2 ditto ditto 64 

3 ditto ditto 144 

The power of gravity at two miles distance from the 
«erth, is four times less than at one mile ; at three 
■sites, nine times less ; and so on. It goes on lessen- 
inff, but is never destroyed. 

Meteoric stones, falling from great heights, bury 
themselves deep in the earth, by the force of their gra- 
duaUy acquired velocity. 

ffhy are tve said to knmo of nothing which is absolute^ 
^atrestf 

Because the earth is whirling round its ajd% and 
61* 
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round the sun ; the sun ia moving round his ans, and 
round the centre of gnmty of the solar sjrstem ; and, 
doubtlesp, round some more remote centre in the ereat 
universe, cairying all his planets and comets Ami 
his path. 

One of the grand laws of nature is, that all bodies 
persevere in their present state, whether of motion or 
rest, unless disturbed by some foreign power. MotioD, 
therefore, once begun, would be continued for ever, 
were it to meet with no interruption firom external 
causes, such as the power of gravity, the resistance of 
the medium, &c. 

Dr. Amott adduces several familiar illustrations of 
motions and forces. Thus, all falling and pres^g 
bodies exhibit attraction in its simplest form. Bepd' 
eion is instanced in explosion, steam, the action of 
81>rings, &c. Explosion of gunpowder is repulsion 
among the particles when assuming the form of air. 
Steam, by the repulsion among its particles, moves the 
piston of the steam^ngine. All elasticity, as seen in 
springs, collision, &c. belongs chiefly to repulsion. 
A spring is often, as it were, a reservoir of force, kepi 
ready charged for a purpose ; as when a gun-lock is 
cocked, a watch wound up, &c. 

Why does a biUiard baU stop token it strikes direcOy 
another baU of equal size, ana the second baU proceed 
with the whole velocity which the first had ? 

Because the action which imparts the new motion 
is equal to the reaction which destroys the old. Al- 
though the transference of motion, in such a ca8% 
seems to be instantaneous, the change is really pro- 
gressive, and is as follows : The approaching baU, at 
a certain point of time, has just given half of its mo- 
tion to the other equal ball ; and if both were of soft 
clay, they would then proceed together with half the 
original velocity ; but, as they are elastic, the touching 
parts at the moment supposed, are compressed like a 
spring between the balls; and by their expandioj^ 
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«Bd exerting force equally both ways, they double the 
Vblocity of the foremast ball, and destroy altogether 
the motion in the other. 

Why is tht uniformity of motion es8tnti4il to rational 
tomtAjort or antidpaiioiii as tojuture events ? 

B€H;ause, it is oy assuming, for instance, that the 
earth will continue to turn uniformly on its ajiis, that 
we speak of to-rtiorroto and of next week, &c. and that 
we make all arrangements for future emergencies: 
and were the coming day or season, or year, to arrive 
sooner or later than such anticipation, it would throw 
Buch confusion into all our affairs that the world would 
soon be desolate. 

To calculate futurities, then, (observes Dr. Amott) 
w, to speak of past events, is merely to take some 
great uniform motion as a standard with which to 
compare all others ; and then to say of the remote 
event, that it coincided, or will coincide, with some 
described state of the standard motion. The most 
obvious and best standards are the whirling of the 
earth aboift its axis, and its great revolution round the 
•mi. The first is rendered very sensible to man by 
hifi alternately seeing and not seeing the sun, and it is 
called a day ; the second is marked by the succession 
of the seasons, and it is called a year» The eartli 
turns upon its axis about 365 times while it is perform- 
ing one circniit round the sun, and thus it divides the 
year into so many smaller paits.; and the day is divi- 
ded into smaller parts, by the progress of tlie earth's 
jlrhirling being so distinctly marked, in the constautly- 
nuying directions of the, sun, as viewed from any 
^ven spot on the face of the earth. When advancing 
civiliaation made it of importance to man to be able 
to ascertain witli precision the very instant of the 
tturth's revolution, connected with any event, various 
contrivances were introduced for the purpose. Such 
have been sun-dials, where the shadow travels pro- 
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gressively round the divided drcle ; the unifijrm §tSX 
of water through a prepared opening ; the flirlt of 
sand in a common hour-glass, &c. But the veiy tri- 
umphs of modem ingenuity and art are those astro- 
nomical clocks and watches, in which the counted 
equal vibrations of a pendulum, or balance-wheel, 
have detected periodical inequalities even in the 
motion of the earth itself, and have directed attention 
to unsuspected disturbing causes, important to be 
known. 

ff^y, when a body is carried beloto (he surface of the 
tarth^ does Us toeight become less 7 

Because the matter then above it is drawing it up, 
instead of down, as before. A descent of a few hun- 
dred feet makes a sensible difference, and at the centre 
of the earth, if man could reach it, he would find things 
to have no weight at all ; and there would be neither 
up nor down, because bodies would be equally at- 
tracted in all directions. — Amott, 

Why is a horseman standing on the saddle enabled to 
leap over a garter extended over the horse^ (the horse 
passing under the garter,) and to light upon ike saddle d 
ike opposite side ? 

Because, the exertion of the performer, in this case, 
is not that which he would use were he to leap from 
the ground over a garter at the same height In the 
latter case, he would make an exertion to rise, and at 
the same time, to project his body forward. In the 
case, however, of the horseman, he merely makes that 
exertion which is necessary to rise directly upwards to 
a sufficient height to clear the garter. The motioD 
which he has in common with the horse, compounded 
with the elevation acquired by his muscular power, 
accomplishes the leap. 

Why does a walking stick kdp a man on a jaumev^ 

Because he pushes against the ground with tne 
stick, which may be considered as oompressing a spring 
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between the earth and the end of his stick, which 
■prbig is therefore pushing up as much as he pushes 
down ; and if, at the time, he were balanced in the 
scales of a weighing beam, he would find that he 
weired just as much less as he were pressing with 
lus stick. 

Whf does a person wishing to leap over a diich or 
(iuuntj make a run first ? 

Because the motion thereby acquired may help 
hira over. A standing leap falls much short of a 
running one. 

These facts also illustrate the same principle: — 
From a glass of water suddenly pushed forward on a 
table, the water is spilt or lefl behind, but if the glass 
be already in motion, as when carried by a person 
walking, and if it be then suddenly stopped by coming 
against an impediment, the water is thrown or spilt 
forward. Again, the actions of beating a coak or 
carpet with a cane to expel the dust ; of shaking the 
BDow from one's shoes by kicking against the door- 
post ; of knocking a dusty book against a table, or 
flhutting it violently. 

Why is a man jumping from a carriage at speed, in 
great danger of fallings afier his feet reach the ground? 

Because his body has as much forward velocity, as 
if he had been running with the speed of the carriage ; 
and unless he advance his feet as in running, he must 
as certainly be dashed to the ground, as a runner whose 
feet are suddenly arrested.— ^mott. 

fFhv unU the recoil of a fowling-piece hurt the 
iikoulaer, if the piece he not held close to %t7 

Because the piece recoils with as much motion or 
momentum in it as the ball has ; but the momentum 
m the gun being diffused through a greater mass, 
jhe velocity is small, and easily checked. 
* Why does a sky-rocket ascend 9 

Because, after it is hghted, the lower part is always 
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pFoducing a large quantity of aeriform fluid, mbk^ 
m expaumng, presses not only on the air below, but 
also on the rocket above^ and thus lifts it Hie ascent 
is aided also by the recoil of the rocket fiom the part 
of its substance, which is constantly being idiot dovn- 
wards. — ^^mott. 

Whv dots a hare^ihough much less fleet than agrtf- 
houndj often escape it ? 

^ Because the greyhound is, with the hare, a compan- 
lively heavy body, moving at the same or greater speed 
in pursuit The hare dovmesy that is, suddenly changes 
the direction of her course, and turns back at an ob- 
Uque angle with the direction in which she had been 
running. The greyhound, unable to resist the ten- 
dency of its body to persevere in the rapid motion it 
had acquired, is urged forward many yards before it 
is able to check its speed and return to the pursuit 
Meanwhile the hare is giuning ground in the other 
direction, so that the animals are at a very e(m- 
siderable distance asunder when the pursuit is recom- 
menced. 

Why are a large and small ship sometimes seen saQing 
toUh me same vdi>titv ? 

Because the surface of canvass or sail which they 
spread to catch the force of the wind, is proportioned 
to the difference of resistance which the water offers to 
the two. 

ffliy are ships so ojlen destroyed by runmng ford rf 
each other at sea ? 

Because when two bodies moving in oppoiite direc- 
tions^meet, each body sustains as great a shock as i( 
being at rest, it had been struck by the other body 
with the united forces of the two. Thus, if two ships 
of 500 tons burden encounter each other, sailing at 
ten knots an hour, each sustains the shock, which, 
being at rest, it would receive from a vessel of 1000 
tons burden, sailing ten knots an houn 
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Whf art carriages qfkn weiiumed in quickly round- 
ing corners f 

because the inertia carries tKe body; of the vehicle 
in the former direction, while the wheels are suddenly 
pulled round by the horses into a new one. 'X' leaded 
stage-coach running south, and suddenly tuh^d to 
the east or west, strews its passengers on the sbuth 
side of the road. Where a sharp turning in a car- 
riage road is unavoidable, the outside or the bend 
should always be made higher than the inside, to pre- 
vent such accidents. 

ffhf ivere tht battering rams of the ancients svck 
formidable engines of war 7 

Because they allowed the concentrated efforts of 
many hands, and a considerable duration of action, 
so as to give at last one great and sudden shock. 

The action of gunpowder on bullets, altliough ap- 
pearing so sudden, is still not an instantaneous, but a 
graduiQ, and therefore accelerating motion ; and ac- 
cordingly we find the effect to depend much on the 
length of the piece along which the force pursues the 
faolL— wimoM. 

Why UTtU a cannon or musket baUy shot quite horizonr 
iaUy^ touch the ground of a level plane just as soon as 
anMer haU drtmped at the same instant directly from the 
cannon^s mouUiv 

Because the forward or projectile motion does not 
at all interfere with tlie action of gravity. This fact, 
observes Dr. Amott, which most persons, before consi- 
deration, would be disposed to doubt, makes strikingly 
sensible the extraordinary speed of a cannon ball ; viz. 
which has already carried it 600 or 800 feet before 
touching, during the half second that a ball dropped 
from the hand of a standing person requires to reach 
the earth. This fact also explains why, for a long 
range, the gim must always be pointed more or leas 
upwardB.— £{ement9 of Physics. 



19 KSrOWLXDOE POK THE PEOPLl. 

The Telocity of a musket ball is, on an avenge^ 
IfiOO feet per second, and its range half a mile. 

19'hv is this rangf onljf hay' a mtZe, tohereas, fry theonf, 
a ought to he ten mSes f 

Because it is retarded by the resistance of the air. 

In velocities exceeding 1,600 feet per second, tbe 
resi^aiice of the air is gready increased ; hence the 
alisurdity of iriving balls too great an initial velodty. 
To give a buUet tlie velocity of 2000 feet per second, 
re(]uires half as much more powder as to give it the 
veliHMty of 1,600 feet ; yet after both have moved 400 
feet, the difference between tlie velocity of each is re- 
duced to 8 feet per second. A 24-pound ball, moving 
at the rate of 2000 feet per second, meets a re«stance 
of HOO }K)und8. 

If a Ixxiy could be projected upwards with the velo- 
city of 3(>,700 ftvt in a second, it would never return ; 
and ns it recedetl fh)m the earth, its weight or gravity 
would diminish. At present, the ffreatest velocity 
with which we can project a body, does not exceed 
2000 feet iH»r second. A bullet rising a mile above 
the mirfaoe of the earth, loses l-20CN[)th part of its 
weight. — JVotes in Science, 

Lieut. 1 lei wig, of Pnissia, has invented a process 
for measuring tlie time occupied by a ball or bullet in 
passing through a certain space ; by making the ball 
uberate the works of a time-keeper at the moment 
when it quits the mouth of the piece, and in making it 
also stoji the time-kee])er at the moment when it strikes 
an olwtacle. Thus, he tinds that a light body, of the 
same calibre with the bullet, moves, at the commence- 
ment, with much greater velocity than the latter; 
equal charges being used. 

Steam cannon has not yet been fbimd to realize 
all the formidable expectations which it had raiBed : 
but Mr. Perkins has estimated the projectile force m 
steam to be ten times greater than tnat of gunpowder, 
in throwing a ball to a given distance. 
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. While on the subject of fire-anns, we ma^ mention 
that an inffenioua Frenchman proposes to nx a small 
mirror, 0.^ of an inch in the side, near the mouth- 
piece, so that the person using it shall see the reflexion 
of his own eye. In this way it is supposed ^at very 
enct aim may be taken ; and the experiments made 
by various officers and sportsmen, are said to encourage 
toe idea that this application may be useful. 

Wkv imU a huUet, fired agamst a door hangwg fiedy 
on UaningeSf perforate the same tcithoui agikSinff it $ 

Because the impression of the stroke is confined to 
one single spot, and sufficient time is not allowed for 
diffiudnff its action over the extent of the door. A 
peDet of clay, a bit of tallow, or even a small bag of 
r, discharged from a pistol, will produce the same 



Why is seorsickness produced on shipboard ? 

Because man, strictly to maintain his perpendicu- 
larity, that is, to keep the centre of gravity always over 
the support of his body, requires standards of compa- 
rison, which he obtauis chiefly by the perpendicularity 
or known position of things about him, as on land ; 
but on sbiptM)ard, where the lines of the masts, win- 
dovrs, ftuniture, &c. are constantly chansing, his 
flCandards of comparison are soon lost or disturbed. 
Hence, also, the reason why persons unaccustomed to 
the motion of a ship, often And relief by keeping their 
eyes directed to the fixed shore, where it is visible, or 
by lying oo their backs, and shutting their eyes ; and, 
on the other hand, the ill eflects of looking over the 
side oi the vessel at the restless waves of the sea. 

Sea-sickness, observes Dr. Amott, also depends 
partly on the irregular pressure of the bowels among 
themsalves, and against the containing parts, when 
tbflir inertia, or downward pressure, varies with the 
ri^mg and falling of the ship. 

Beasoningupon the last-mentioned fhcts, Mr. Pratt, 
62 
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of New Bond-Street, has constructed an ebcdc or 
swinging seat, couch, or bed, for preventmg the nneuj 
motions of a ship or carriage ; tne fitune of which is 
suspended on juribals or joints, tiuning at right an^ 
to each other ; and an elasticity is product both in 
the seat or cushion, and in the swinging frames, by 
the use of spiral metal springs, in the form of an hour- 

glass. A still more simple preventive was illustrated 
y Sir Richard Phillips, on his crossing from Dover to 
Calais, a few years since. He caused an arm-chair 
to Ire placed on the deck of the vessel, and being seated 
in it, he began to raise liiraself up and down, as oo 
horseback. The passengers laughed at his eccentri- 
city, but before tney reached Calais, many of them 
were sea-sick, whilst Sir Richard continued to enjoy 
his usual health and vigour. We mentioned this ex- 
periment whilst makinff the same passage in the Royal 
George steam-boat, about a fortnight since ; bat no 
person aboard made the trial of its efficacy, althougb 
more tlian half of the number were sea-sick. 

An embrocation has lately been invented, and se- 
cured by patent, for preventing or alleviating sea- 
sickness ; this preparation is to be rubbed over the 
lower end of the breast-bone, and under the left ribs; 
but we cannot add our own testimony of its efficacy. 

Why cannot sure aim he taken wUh a sUmt in a 
alingf 

Because the ])oint from which it should depart, 
cannot be accurately determined. 

Why is the pendulum a time-keeper^ 

Because the times of the vibrations are very nearly 
equal, whe^er it be moving much or litde ; that is to 
say, whether the arc described by it be large or tmalL 

A common clock is merely a pendulum, with, wheel- 
work attached to it, to record the number of theTibfi^ 
tions ; and with a weight or spring, having force enoiul 
to counteract the retarding effects of friction and m 
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resistance of the air. The wheels show how many 
swings or beats of the pendulum have taken place, 
because at every beat, a tooth of the last wheel is 
aJlowed to pass. Now, if this wheel has sixty teeth, 
as is common, it will just turn round once for sixty 
beats of the pendulum, or seconds ; and a hand fixed 
on its axis, projecting through the dial-plate, will be 
the second hand of 3ie clock. The other wheels are 
so connected with tliis first, and the numbers of the 
teeth on them so proportioned, that one turns sixty 
times slower than the first, to fit its axis to carry a mi- 
nute hand ; and another, by moving twelve times 
slower still, is fitted to carry an hour-hand. — AmoU, 

fVhf do docks denote the progress of time ^ 

Because diey count the osculations of a pendulum ; 
«nd by that peculiar property of the pendulum, that 
one vibration commences exactly where the last ter- 
miiMitefl^ no part of time is lost or gained In the juxta- 
poflition (or putting together) of the units so counted, 
90 that the precise fractional part of a day, can be 
ascertained, which each such unit measures. 

The origin of the pendulum is traced to Galileo's 
observation of a hanging lamp in a church at Pisa 
continuing to vibrate long and with singular uniform- 
ity, after any accidental cause of disturbance. Hence 
he was led to investigate the laws of the phenomenon, 
and out of what, in some shape or other, had been 
before men's eyes fi-om the beginning of the world, 
bis powerful genius extracted the most important 
results. 

The invention of pendulum clocks took place about 
the middle of the seventeenth century ; and the hon- 
our of the discovery is disputed between Galileo and 
Huygens. Becher contends for Galileo, and states 
tliftt one Trifler made the first pendulum clock at Flo- 
reaoe, under the direction of Galileo Galilei, and that 
a model of it was sent to Holland. The Accademia del 
C^mento also expressly declared, that the application 



Ete^kmaQD says tiiv Him. peectu 
England, wow count rue terl in fh< 
Tromaijtil, a Dutch man ; but Gri 
first jjenduliim clock was tnadeir 
Harris, iij 1641, and erected in 1 
of St, Paul, Cuvpnt-gardeii, 

ffliif dots the ptfiduluin move fi 
iUjpui-nitf 13 tono;tr '/ 

Because, in proportion as tlie a 
extended^ the steeper are its bej 
and die more rapidly, therefore, 
down at first, sweeps along the int* 
stops at laBt.-^^mf}(t, 

IVhy is it (jclremeiv difficult k 
length o/ihe ptmhdum^ 

Because of (Jie various expansio 
mg which no two pyrometers ag 
nature of !!»? atmosjjherc ; the u 
true level of the sea; the extrem 
suring ae*.*iirately the distance ht 
suspeusloii and the etntre of om 
fiuoing that centre; also the vari 
traction, from w^hicli cause the mot: 
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as abod^ descending by its weight on a sloge ; a change 
ill the force of gravity, therefore, would at once alter 
the rates of all the clocks on earth. — ^^moti. 

JFhy is ike rtgyiator of a watch merdy a pin which 
bean against the halance-spring ? 

Because it slides backwards and forwards, so as to 
shorten or lengthen the part of the spring left free to 
bend, thus changing the degree of its stif&ess ; and, 
as the motion of the pendulum has relation to the 
force of gravity, so has the motion of the balance- 
wheel to me stimess of the balance-spring. 

Why do persons walking arm-in-arniy shake each other 
unless their steps corresptmd? 

Because the centre of gravity in each body comes 
ahemately over the right and over the left foot. 

ffhy are certain metals maUeablc, or reducible into 
tkin fXates or leaves by hammering'^ 

Because their atoms cohere equally in whatever 
relative situation they happen to be, and therefore 
yield to force, and shift about among each other, 
almost like the atoms of a fluid, without fracture or 
chance of property. 

Gold is remarkably malleable, for it may be reduced 
to leaves of the thinness of 282,000 to the inch. For 
gold-beaters the metal is first formed into rods, these 
are afterwards rolled or flattened into ribands, the 
riband is cut into portions, which are extended by 
hammering to great bretuith and thinness, and whicn 
being again divided into portions, are hammered and 
extended to the thinness described. 

Why art the steel chisels and tools used for cittting 
wkdali aofrequenUy broken f 

Because, reqmring to be exceedingly hard, they 
proportionally lose, in regard to the extent of their 
elaracitv. Cast iron, which is much harder than 
malleable or wrought iron, is very brittle, while soft iron 
and steel are the toughest things in nature. — AmotL 
62* 
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Why does a smith, by hammering a p%eee ^ kn^^fdll, 
render it red hat ? 

Because he thereby compresBes the metal. When 
air is violently compressed, it becomeB so hot as to 
ignite cotton and other substancea £kM mpmioxm in. 
Btrument for producing tight for domertic uaes haa 
been constructed, consisting of a small cylinder, in 
which a solid piston moves air-tight: a little tinder, 
or dry sponge, is attached to the bottom of the {naton, 
which is then violently forced into the cylinder: the 
air between the bottom of the cylinder and the piston 
becomes intensely compressed, and evolves so much 
heftt as to light the tinder. — hardnert 

Why is the iron rim of a co(tch vfhed heaUd htfon 
pviting on ? 

Because the expansion of the metal occanoned by 
the heat, facililates the operation of putting on the 
u*0D, while the contraction which follows, brmp the 
joints of the wooden part together ; and thus, binding 
the whole, gives great strengdi to the wheel. 

Why does a bottle of fresh water, corked and let down 
HO or 40 feet into the sea, often come up again teUh tt« 
t&ater saltish, although the cork be stiU tn its place f 

Because tlie cork, when far down, is so saueezed as 
to allow the water to pass in or out by its siaes, bat on 
rising it, resumes its former size. 

IfTiy do bubbles rise on a cup of tea when a lump of 
sugar is dropped into it ? 

Because the sugar is porous, and the air v^ch 
filled its pores then escapes to the surface of the tea^ 
and the liquid takes its place. 

Why are stalactites formed in the interior of caverns f 
Because water percolates through their porous sides 
and roofs, and heiug impregnated with calcareous and 
other earths, assumes pendant forms. 

Why is there an opening in the centre of the upper stone 
of acorn miUf 
Because through this opening the grain is admitted 
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and kept tiuning round between the stones, and is al- 
ways tending and travelling outwards, until it escapes 
as flour fh)m the circumference. 

Why does a horse in the circus lean to (he centred 

Because, when the horse moves round with the per- 
fonner standing on the saddle, both the horse and 
rider incline continually towards the centre of the 
ring, and the inclination increases with the velocity of 
die motion : by this inclination their Weights coun* 
teract the effect of the centrifugal force. 

Jfky does water remain in a vessel which is placed in 
a ding and made to describe a circle 9 

Because the water, by its inertia of straightness, or 
centrifugal (or centre-flying) force, tends more away 
from the centre of motion towards the bottom of the 
vessel, than towards the earth by gravity. 

ffhif does a spinning top stand ? 

Because, while the top is perfectly upright, its point, 
being directly under its centre, supports it steadily, 
and altliough turning so rapidly, has no tendency to 
inove from the place ; but if the top incline at all, the 
aide of the peg, instead of the very point, comes in 
contact with the floor, and the peg men becomes a 
little wheel or roller, advancing quickly, and, with its 
touching edge, describing a curve somewhat as a 
skaiter does, until it becomes directly under the body 
of the top as before. It thus appears that the very 
ftct of the top inclining, causes the point to shift its 
place, and so that it cannot rest untu it come again 
directly imder the centre of the top. — Amott, 

Why is a rocking-stone so caUed^ 

Because it consi^ of an immense mass, loosened 
in some convulsion of nature, and with a sHghtly 
Ifounded base resting on a flat surface of rock below, 
which is so nearly balanced, that one individual can 
move or rock it This arises firom the rounded body 
being disturbed from its middle position, and its centre 
ef gravity seeking to return* 
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(.H' iu'M' "licks 'siileii Locirviui or Laggau stones^ 
'IV. !>■ iLt* '<v\*'nii -juiioii:; 'iie uu*turtf%M|ue baniersof the 

•Ji. >. lliitLHT' losi -.^Ty r^cf 11 cly lie^cribed a natural 
♦ ■c\ti:{-.'*v.:ti' .»£ ,;rruritv, dt'ttrrhe village of Loiibeyiat, 
II -K- ■in»\?ii»'»-' H Vmnc'if, Knuioe. This stone ap' 
Kius u ia\f Km !ii .w\vi:i >)i rflitfious worship, for, 
>u tic i>M >[' ( '•vfL-f nu iirrir^s a L'roga* and a pedestal. 
!. uiit r lU' i;;iu-»'^ tw 'Anni -juriua u^ traceable, and 
.'lmu- tiui> AiiK-u n-.!oui)i\ jiluded to the number of 
.la;^ )L :iuitiiui ^vfiKsi lU' .'ms?** jpive to the venerator. 
T'u laiurtu -liu (Kirrit.Lioi! ji :iie rockiiijrH^toue proba- 
Ji> kciiiiic jui >i)|tvt Ji' -41 pernicious veueradon toils 
iciunoouiMvioii, jLini iw -.itfUirs ajid crmss were the 
i».it.'i«ii:; niuiiv* m' 'itv 'lacivrjis Dr. Hlbbort, how- 
» f. ii.M.is Mill ill- :nir*u'uiaf :.ise ;o whioh rocking- 
Nii .UN VI !>' t,»piu«i -.viil ..'» vr Tfitiain in obscurity : **as 
iK> ui' :u«Jviiiv'> ji' *vfry v."oaiitry when? loose de- 
lU'U'd uvk^i 'C* .1 :iur'ic'jiiir "ttruircure have been sub- 
11. ;;-'»: o ju- 'Mtrariuii .>i' iCiiios'oberTC aijrencs^ it is to 
JK.' v}»\.».«n.i irai iif :iibit"s jssiciutd to their origin 
^* \ 1. 1 1 : 'j\. •>• - 1 1 iim M i ' .\v ■ iie pec uiiar iii\thoIojrv of the 
;K'v»^'ie jHKui^ vv^ioiri :iiey javo become the object of 

'Jvfi'O.- JiKl *ViMkIc'i-."* 

'i \ii liiVK, lU jt'iui 'iM/tujiieiurits Lofty Lneurt, (u sten 
jii '/It iuiuiufi Muk }/' 'Jit ThaiHts.' 

Bccdae^-, til cjic rja/iiuiicturiou: of shot, th« liquid 
iiiciai IS ailuvvcJ !o :ail like rain irom a great eleva- 
tion, ui iijivu;{n tiiese tovvvrs and the cohesiii-e princi- 
i.>»c ;i-v«s •.vcuziaity :u xraijis of siioc lu its deecent, 
uw .hv[*^ Ixvonio '.rMly ^'ubular, and before thev reach 
liic Olid of tlioii" tail ^iiey are hardened by coofing, so 
that ihey ivcaiu tbeir shape. 

Hf'k^ Uuiis a porUsr Itan jhrwani wken asryiag a 
had?" 

Btvaueie his ix^sitiou tnusc be regulated by the cen- 
tre ot' gravity of his body and the load taken together. 
If he Dore the load on hitf bock, the hoe of diree- 
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ikni would pass beyond his heels, and he would fall 
badcwards. To bring the centre of gravity over his 
feet he accordingly leans forward. — If a nurse carry a 
child in her arms, she leans back for a like reason. 
Whf does a young quadruped walk much sooner than 

Because a body is tottering in proportion to its great 
iltitude and narrow base. Now, tne child has this 
latter, and learns to walk but slowly, because of the 
difficulty, perhaps in ten or twelve* months, while the 
young of quadrupeds, having a broad supporting btise, 
are able to stand, and even to move about almost im- 
mediately: but it is the noble prerogative of man to be 
able to support his towering figure with great firmness, 
on a very narrow base, and under constant change of 
attitude*— k^tmotf. 

fVhy are ihe ^ safety coaches" built loith Hie wheels 
far e^artj and the luggage-receptacles beneath the body ? 

Because they may have a broader base, and thus be 
leas liable to overturn. 

Why do bvUders use the plummety orjpluwb line ? 

Because, when applied to a body, it is a visible in- 
dication of the hne of its centre of gravity. 

Why do certain structures remain secure^ although 

nKave lost their perpendicularity ? 
)cause the line of their centre of gravity remains 
within the base. The famous tower of Pisa was built 
intentionally inclining, to frighten and surprise ; it is 
190 feet high, and overhangs its base 16 feet At 
Boloffoa are two celebrated leaning towers, one of 
which, the AsineUi, is 350 feet high, and 31^ feet out of 
the perpendicular. The other, the Garisenda,is about 
130 feet in height, and inclines 8 feet from the per- 
pendicular. Montfaucon, tbe celebrated antiquary, 
attributes the leaning of these towers to the sinking of 
the earth. He says, it appears, upon examination, 
that when the Gansenda tower bowed, a great part of 
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TUe Monument, near Lo 
much that liniid people son 
ttoii sojiie y«ars sijice its fall 
Salisbury mid other of our d 
have lost some tiling of tlieirl 
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The Monument is of the D 
the j>averneiit to the lieigbi 
wilhm its shatl a spiral stair 
8tPj>B ; the plitith is 21 feet s< 
IbTl, htit was not complete* 
scarre, aud the restoration of 
swallowiug up the produc* 
Ehnes^ in his Life of Sir Chri 
tect, tella nH that the Monm 
by tlje member's of the Royal 
rTnrrirTiiiir-nrg ha^ 
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Whf i$ U phfsicaUy advantageous to turn out the 

Because the supportmg base of a mau consists of 
the fe^ and the space between them ; and turning out 
the toes, without taking much from die length of the 
iMfle, ackte a good deal to the breadth. — Amott. 

Whf do very fat people usually throw hack their htaa 
amd sfunddtrs^ 

Because, by so doing, they keep the centre of gravity 
of the body over the l^ise. 

SIMPLE MACHINES. 

Why hoot ike ^ simfle machines^ as the kver, wheel 
and aade^ pUme^ weage^ screw^ and puUey, been long 
edUd (he ^mechanic powers ? " 

Because they were first used to raise great weights, 
or overcome great resistances. Hence the common 
eiTor in supposing that they generate force, or have a 
sort of innate power for saving labour ; whereas, nei- 
ther simple machines nor mechanic powers save la- 
bour, in a strict sense of the phrase. 

fFhy^ thenj are these machines adoantageous ? 

Because they allow a small force to take its time to 
produce any requisite magnitude of effect Thus, one 
man's effort, or any small power, which is always at 
command, by working proportionally longer, will an- 
swer the purpose of the sudden effort of many men, 
even of hundreds or thousands, whom it might be 
most inconvenient and expensive, or even impossible 
to bring together. 

Why are there so numy vain schemes for perpetual 
rnoUons, and neto mechanical engines of power 7 

Because the projectors do not understand the great 
truth, that no form or combination of machinery ever 
did or ever can increase, in the slighest degree, the 
quantity of power applied. Hence uie fiitility of sup- 
posing that a lever, or great pendulum, or spring, or 



Whif is a EfomT . . . , _ 

on a prop or axis^ wkick oecome8 it 
Uverf 

BecauBte sucli a contriv^ance w 
M {kvare^ Latm] wtM^'lit*fL 

The lever^ in iiifcliaiiics, compen 
and what is luHt in power is gai 
lever be 17 feel lougi and the pi 
foot from one end, on ounpe plac< 
will balance a pound plared on tl 
stead of ao ounce, we place itp< 
short end of a second beani or 1 
fulcrum oue foot from it^ and thej 
of tbia a«*ccjnd lever upon the shoJ 
whose fiitfrum is one foot from ill 
llie end of this third lever'^;?! bug I 
that ounce ^\ill move ujjAvards ul 
lever^s long arm ; and tliis riiovjJ 
the short end to force downward! 
end of the first lever, wbieh wiB 
of the first lever move U|iwardjH 
be laid upon it. The same elfd 
on the long end of the third 1^| 
Lthre e-quartera at the ahor1|| 
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of a cannon- bttll for millions of ageg, to alter the po- 
gition of the earth by the smaU part of an inch. This 
felt of Archimedes is, in mathematical truth, performed 
Imj&wery man who leaps from the ground, for he kicks 
dbllvorid away when he rises, and attracts it again 
when he fiills haidk. — JimotL 

Why tt ajin^er cavght near the hinge of a shutting 
door so tnuehinjured ? 

Because the centre of action of the door moves 
through a space comparatirely great, and acts with a 
mat Wer^ulYantage on a resistance placed near the 
ralcnim of .the lever where there is tittle motion. 
Children pidching their fingers in this way, or in the 
hinge of 'mcf fire-tongs, where there is a similar action, 
vnsSdet i^j the bite is so keen. 

"^ have pincers or forceps such extraordinary 



Because they are double levers, of which the hinge 
is Ae conunon prop or fulcrum. Dr. Arnott thus illus- 
trates the advantages of this machine : — In drawing a 
nail with steel nippers, we have a good example of the 
advantages of usmg a tool ; 1. The naU is seized by 
teeth of steel, instead of by the soil fingers ; 2. Instead 
of the gripinff force of the extreme fingers only, there 
is the fi>rce of the whole hand conveyed through the 
handles of the nippers ; 3. The force is rendered, per- 
haps, six times more effective by the lever length of 
the handles ; and, 4. By making the nippers, in draw- 
ing the nail, rest on one shoulder as a fulcrum, it ac- 
guues all ti^e advantages of the lever or claw-hammer 
ror the same purpose. 

ffhf do lofty saUs often cause open boats to upset ? 

Because the mast and sails set upon it are as a long 
lev^r, having the sails as the power, turning upon the 
centre cf buoyancy of the vessel as the fulcrum, and 
lifting ^e balance or centre of gravity as the reaist- 

63 
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Why may a boy, who cannot exert a dvrtd fifrtt of 
50lh8^ hv means of a daw-hammer^ extract a wd, to 
which half a ton might be suspended f 

Because his hand, perhaps, moves tliroii|^ d^ 
inches, to make the nail rise one quarter of an mb* 
The claw-hammer also proves, that it is of no conse- 
quence whether the lever be straight or crowed, pro- 
vided it produces the required difference of velocity 
between power and resistance. The part of the ham- 
mer resting on the plank, is the fulcrum, or prop. 

Why does a combination of levers produce such extra- 
ordinary power ? 

Because if a lever, which makes one balance /our, 
be applied to work a second lever which does the same, 
one pound at the long arm of the first, will balance 
sixteen pounds at the short arm of the second lever, and 
would balance sixty-foitr at the short arm of a third 
such, &c. — Jimott, 

WHEEL AND AXLE. 

Why is motion transmitted through a train of whed' 
work by the formation of teeth upon the circumference of 
the wheels ? 

Because the indentures of each wheel fall between 
the corresponding ones of that in which it works, and 
ensure the action so long as the strain is not so great 
as to fracture the tooth. 

Why is a heavy wh^el sometimes used as a concentrator 
offorcey or a mechanic power ? 

Because, by means of a winch, or a weight, or 
otherwise, motion or momentum is gradually accu- 
mulated in the wheel, and is then made to expend 
itself in producing some sudden and proportionally 
great effect 

The coining-presses of the Royal Mint are thus im- 

Eelled by a fly-wheel, and generally complete a coin 
V one blow ; and they strike, upon an avera^ 60 
blows in one minute ; the blank piece, previou^pre 
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pared and annealed, bein^ placed between the dies 
qy part of the same mechanism. The number of pieces 
much may be struck by a single die of good steel, 
properly hardened and tempered, not unfrequently 
amounts, at the Mint, to between 3 and 400,000. 
TTiere are eight presses frequently at work for ten 
hours each day, and each press produces 3,600 pieces 
per hour; but, making allowances for occasional stop- 
pages, we may reckon tlie daily produce of each press 
at 30,000 pieces; the eight presses, therefore, will 
fiunish a diurnal average of 240,000 pieces. 

JFhy isUan error to accourd tJie Jly-whed a positive 
power? 

Because, in common cases, it merely equalizes the 
effect of an irregular force. Thus, in using a winch 
to turn a mill, a man does not act with equal force all 
round the circle; but a heavy wheel, fixed on the 
axis, resists acceleration and receives momentum, 
while his action is above par, and returns it again 
while his action is below par, thus equalizing the 
movement Again, in circular motion produced by a 
crank, when by the pressure of the foot on a treadle, 
we mm a lathe, or grindstone, or spinninff-wheel, the 
force is only applied during a small part of the revolu- 
tion, or in the fonn of interrupted pushes, yet tlie 
motion goes on steadily, because the turning grind- 
stone, or wheel, or lathe, merely becomes a fly and 
reservoir, equahzing the effect of the force. 

Why %8 the common toinch in principle a wheels 

Because the hand of the worker describes a circle, 
and there is no difference in the result, whether an 
entire wheel be turning with the hand, or only a single 
qx>ke of the wheeL 

Why %8 a man on a treadmiU compeUed to keep per- 
petuauy moving? 

Because, b6mg placed at the circumfcrencse of the 
wheel, his weight turns it, and he must move forward 
d2 
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as fast as the wheel descends, so as to maintain his 
position continually at the extremity of the horizontal 
diameter of the wheel. 

The invention of the treadmill is, by some persons, 
said to have been derived from a squirrel in a cylin- 
drical wire cage. 

WHEEL CARRIAOES. 

Why have wheel carriages been advantageously sub- 
sUtvied for sledges ? 

Because the rubbing or friction, instead of being 
between an iron shoe and the stones and irregularities 
of the road, is between the axle and its bush, which 
have surfaces smoothed and fitted to each other, and 
well lubricated. 

Why does the wheel aid the. progress of a earruMgef 

Because, while the carriage moves forwards, per- 
haps 15 feet, by one revolution of its wheel, the rub- 
)ing part, viz. the axle, only passes over a few inches 
of the internal surface of its smooth greased bush. 
Again, the wheel surmounts any abrupt obstacle on 
the road, by the axle describing a gently rising slope 
or curve ; and by rising as on an inclined plane, and 
giving to the drawing animal the relief which such a 
plane would bring. — AmoU. 

Why are wheels usually made of a dished fomij thai 
is, inaimng oviioards ? 

Because they thus acquire astonishing strength, in- 
deed that of the arch, as contrasted with the flat or 
upright wheel ; the dished form is farther useful in 
this, th^t when the carriage is on an inclined road, 
and more of the weight consequentiy falls upon the 
wheel of the lower side, the inferior spokes of that 
wheel become nearly peipendicular, and therefore 
support the increased weight more safely. The dis- 
advantage of these wheels, however, is, that an in- 
clining wheel naturally describing a curved path, the 



homes, in drawing straight forward, have to overcome 
tlus deviating tendency in all the wheels. — Amott, 

Why cart axles made of sted, and the parts on which 
ttof hear of brass ? 

fiecaude fHction is universally diminished by letting 
the substances which are to rub each other be of dif 
ferent kinds. The swiftness of a skaiter, it may be 
observed, depends much on the dissimilarity between 
ice and steel. 

Why care the fore-wheels of carratges smaller than the 
hind-wheels ^ 

Because they facilitate the turning of the carriage. 
The advantage of the wheel is proportioned to the 
magnitude ; t£e smaller wheel having to rise a steeper 
curve. It is not true, however, according to the 
popular prejudice, that the large hind-wheels of 
coaches and waggons help to push on the little wheels 
before them. — Amoit. 

From these causes, continues the same ingenious 
writer, "the difference in performing the same jour- 
ney of a mile by a sledge and a wheel carriage, is, 
that while the former rubs over every roughness in 
the road, and is jolted by every irregularity, tlie rub- 
bing part of the latter, the axle, gUdes very slowly 
over about thirty yards of a smoothed oiled surface, in 
a gently waving line. It is ascertained that the re- 
sistance is thus reduced to 1-lOOth of what it is for a 
dedge." 

Why do springs not only render carriages easy veki- 
tUs on rough roads, bvt much lessen the puU to the 
horses 9 

Because, where there is no spring, the whole load 
rauflt rise with every rising of the road, and must sink 
with eveiy depression, and the depression costs as 
much 88 the rising, because the wheel must be drawn 
up again from the bottom of it ; but in a spring ccu*- 
nage, moving rapidly along, only the parts below the 
63* 
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nprings are moved, in correspondence with the irregu* 
larities, while all above, by the inertia of the matter, 
have a soft and steady advance. — AmotL 

Again, springs of carriages convert all percuffiion • 
into mere increase of presmire : that is to say, the 
collision of two hard bodies ip ohanged by the inter- 
position of one that is elastic, hito a mere acceanonof 
weight. It is probable, that under certain modifica' 
tions, springs may be applied with great advantage 
to the heaviest waggons. 

In sunnounting obstacles, a carriage with its load 
being lifted over, the springs allow the wheels to rise, 
while the weights suspended on them are scarcely 
moved from their horizontal level. 

Why are " under-springs " so advantageous in venj 
modem carriages 9 

Because tliey insulate from the eftects of shocks, 
all the parts, excepting the wheels and axletrees 
themselves. When only the body of the carriage is 
on springs, the horses have still to rattle the heavy 
frame- work below it, over all irregularities. 

fVhy, in descending a hiUy road^ is it common to lock 
or fix one of the wheels of a carriage ? 

Because, the friction is then increased, and there is 
less chance of a rapid descent ; the horses having then 
to pull nearly as much as on a level road, with the 
wheel free. 

We have noticed a very effectual mode of " locking" 
the hind wheels of carriages, on the continent, by 
screwing a bar transversely, against the outer rim of 
the wheels ; by this means, the wheels may be either 
partially or wholly locked, according to a powerflil 
screw, m the centre of the bar. Tliis mode is adopted 
by the Paris diligences ; we first noticed it in a Swiss 
calichCf of great strength. The bar is rather unai^t- 
ly, but our excellence in the construction of wheel- 
carriages should not lead us always to look for de- 
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gince, where eonvenience is a main point, as in a 
vehicle for travelling. 

Why should a road up a very steep hiU, be made to 
mnd or xig-zag aU the way f 

Because, to reach a given height, the ease of the 
pull is greater, exactly as the road is made longer. 

Why is it importani to make roads as level as pos- 
tiUef 

Because, a horse drawing on a road where there is 
a rise of one fiwt in twenty, is really lifting one twen- 
tieth of the load, as well as overcoming the friction, 
and other resistance of the carriage. — JtruiU, 

THE WEDGE. 

Why art cutting inairumentSy knives^ razors, the axe^ 
tfc* examples of the teedge 9 

Because at the same tune that we pull them length- 
wise, we press them directly forward, against the object. 
A saw, too, is a series of wedges. 

Why does a razor, (if drawn lightly over the hand) 
dart mto the Jksh , whereas, if pressed against the hand 
with considerable force, it toiU not enters 

Because of tlie vibration of particles produced by 
the drawing action, which enables the razor to insinuate 
itself more easily. We witoessed an example, only a 
few days since, when a bon vivant, in a fit of mis- 
chievous ecstasy, seized a pointiess table knife, and 
passed it very lightly down the back of his friend's 
coat The injury was not immediately seen, but the 
cloth proved cut, from the collar to the waist ; whereas, 
had the knife been heavily pressed against the cloth, the 
coat would have escaped injury, and the gay fellow the 
expense of his folly. 

Whf is {he wedge so important an agent in the arts 
and manufactures ? 

Because it exerts enormous force through a very 
small space. Thus, it is resorted to for splitting masses 
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of timber, or stones. Ships are raised in docks, by 
wedges driven under tlieir keels. The wedge is the 
principal agent in tlie oil-mill. The seeds, from which 
the oil is to be extracted, are introduced into hairbags^ 
and placed between planes of hard*Wood. Wedges 
inserted between the Imgs, are driven, by allowmg 
heavy beams to fall on them. The pressure thus 
excited is so intense, that the seeds in the bags are 
formed into a mass nearly as sohd as wood. — hardMr, 
The details of an extensive oil mill near Garrat are 
as follow: — ^A magnificent water* wheel, of 30 feet, 
turns a main shaft, which gives motion to a pair of 
vertical stones, raises the driving-beams, and turns a 
band, which carries the seed in small buckets from the 
floor to the hopper. The shock on the entire nervous 
system, produced by the noise of the driving-beams as 
they fall on the wedges, is not to be described* The 
sense of hearing for the time is wholly destroyed, and 
the powers of voice and articulation are vainly exerted. 
The noise is oppressive, though a rebound, compara- 
tively tunefbl, takes place, till the wedge is driven 
home; but afterwards the blows fall dead, and pro- 
duce a painful jar on the nerves, aftecting tlie auditor 
for some hours with a sense of general lassitude. 

THE SCREW. 

Why does a screw enable a small farce to product sv/^ 
prodigious effects ? 

Because every turn of the screw carries it forward 
in a fixed nut, or draws a movable nut along upon 
it, by exactly the distance between two turns or its 
thread : this distance, therefore, is the space described 
by the resistance, while the force moves in the circum- 
ference of the circle described by the handle of the 
screw; and the disparity between these leoffths or 
spaces is often as a hundred or more to one. — ^brnoU. 

Why may the screio he caUed a toinding toedge ? 

Because it has the same relation to a straight 
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wedge, that a road winding up a hill or tower has to a 
stnigfat road of the same length and acclivity. 

Jfhy is (he screw, in some respects, a disadoavittgeous 
eonbhivancef 

Because it produces so much friction, as to consume 
a oonfflderable part of the force used in woi^chig it 

Why do mathematical instrument makers mark divir 
sums on their work with the screw f 

Because it can easily be made with a hundred turns 
of its thread in the space of an inch, and at perfectly 
equal distances from each other. If we suppose such 
a screw to be pulling forward a plate of metal, or the 
edge of a circle, over which a sharp-pointed steel 
mfu^er is placed, which moves up and down perpen- 
dicularly, the marker, if let down once for every turn 
of the screw, will make just as many lines on the 
plate ; but, if made to mark at every hundredth or 
thousandth of a turn of the screw, which it wiU do 
with equal accuracy, it may draw a hundred thousand 
distinct lines in one inch. 

Jfhy may a printing press he said to do the work of 
jyhimenf 

Because a solitary workman, with his screw or other 
engine, can press a sheet of paper against t3rpes, so as 
to take off a clear impression ; to do which without 
the press, the direct push of fifly men would be insuffi- 
cient ; and these fifty men would be idle and super- 
fluous, except just at the instant of pressing, which 
recurs only now and then. This, and the two preced- 
ing illustrations, are almost literally from Dr. Amott's 
woiIdb, in which the importance of having correct no- 
tions on the subject of the simple machines, or me- 
chanical powers, is illustrated by many other fiuniliar 
examples. 

THE PULLEY. 

Jfhy isihepvUcy an advantageous machined 
Because, in such a construction, it is evident that 
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the weight (let it be supposed ten pounds) is equafly 
supported by each end of the rope, and that a man 
holoing up one end, only bears half of it, or fiTe 
pounds; but to i*aise the weight one foot, he must 
draw up the two feet of rope ; therefore, with the pul- 
ley, he lifts five pounds two feet, where he would ^ve 
to lift ten pounds one foot without the puUey. 

Why have fixed fiuUics no mechanical advantage f 

Because the weight just moves as ftist as the power; 
yet such puUies are of great use in chan^ng the direc- 
tion of forces. A sailor, without movmg from the 
deck of his ship, by means of such a pullev, may hoist 
the sail or the signal flag to the top of the loftiest mast. 

Whf is the pulley on ship-hoard called a block ? 

Because of the block or wooden mass which sur- 
rounds the wheel or wheels of the pulley. Hence the 
machinery for making these puUies is called Uodfc-ma- 
chinery^ Of that at Portsmouth, invented by Brunei, 
there is a set of magnificent models in the possession 
of the Navy Board. They consist of eight separate 
machines, which work in succession, so as to begin 
and finish oflfa two-sheaved block four inches in length. 

Mr. Faraday, in a lecture at the Royal Institution 
in 1829, stated generally, that the block-machinery of 
Portsmouth, by adjustments, could manufacture blocks 
of one hunclred different sizes ; could, with thirty men, 
make one hundred per hour ; and, from the time of 
its completion in 1804-5, to that day, had required no 
repairs from Maudslay, the original manufacturer. 
The total cost was £46,000, and the saving per annum, 
in time of war, was £25,000, after allowing interest 
for capital, and paying the expense of all repurs. 

Why is a chair or bucket^ attached to one end of a 
rope which is carried over a fieed pulley^ used as afire- 
escape ? 

Because a person, by laying hold of the rope on the 
other side, may, at will, descend to a depth equal to 
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Inlf of the entire length of the rope, hy continually 
Yielding rope on the one side, and depressuig the 
bucket or chain by his weight on the other. In this 
case the puUey must be attached to some part of the 
buildinff, or it is recommended that each chamber- 
floor of a dwelling-house should have a staple fixed 
near the exterior of a window, to which staple the 
puUey may be attached by a hook. This is, perhaps, 
the simplest fire-escape yet proposed, and we need 
scarcely add, the simpler the means the more likely is 
it to succeed in extreme danger. 



Wkji ia iht friction greater between pieces of the same 
M&ffonce, {fum between pieces of different substances, 
fMi dissuriUar grains ? 

Because, it is supposed, of the roughnesses, or little 
projections in the former, mutually ntting each other, 
as the teeth of similar saws would. 

** But for friction," observes Dr. Amott, ** men walk- 
ing on the ground or pavement would always be as 
if walking on ice ; and our rivers, that now flow so 
calmly, would all be frightful torrents." 

Why does the friction of various woods against each 
other vary f 

Because of their diflerent degrees of hardness ; the 
soft woods in general giving more resistance than the 
hard woods; thus, yellow deal aflbrds the greatest, 
and red teak the least friction. Soft metals also pro- 
duce greater friction, imder similar circumstances, 
than those which are hard. — G, Rennie, 

Why is the friction of surfaces, tohen first brought 
into contact, often greater than after their attrition has 
been continiuid a certain time ? 

Because the smoother the surfaces are the less will 
be the friction, and that process has a tendency to re- 
move those minute aspenties and projections on which 
the friction depends. But this has a limit, and after 
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a certain degree of attrition the friction ceases to 
decrease. 

Why does smearing the surfaces tmOi unctuotju maUa 
duMmsh the friction 7 

Because it fills up the cayities between the minute 
projections which produce the fiic(ion. 

Why has plumbago, or black leadj been svbsHiuUdfor 
oU in clocks and chronometers ? 

Because, when mixed with spirit, it readily adheres 
to the surface of a steel pivot, as well as to the inside 
of the hole in which it runs, so that the rubbing sur- 
faces are no longer one metal upon another, but plum- 
bago upon plumbago. These sur&ces, by their mutual 
action, speedily acquire a polish inferior only to that of 
the diamond, and then the retardation of the machine 
fi-om friction is reduced almost to nothing, and wear 
and tear fi-om this cause is totaUy prevented. 

Why are jewelled holes injurious to the pivots of 
watches and chronometers f 

Because, sooner or later, however perfect the pol- 
ishing mav be, the hard substance of the jewel grinds 
and cuts the steel pivot, and the metallic particles clog 
the oil. 

Why is a peculiar metal requisite for phot-holes f 
Because it must preserve the oil m a fliud state, 
have httie friction with the steel pivot, and be in a de- 
gree softer than the pivot, for it is of less consequence 
tiiat the hole be worn than the pivot Brass is objec- 
tionable, on account of its liability to rust, and gold 
is too soft for the purpose. Now, an alloy possessing 
the above requisites has lately been discovered by Mr. 
Bennett, watchmaker, of flolbom. It consists of pure 
gold, silver, copper, and palladium, and its amall ex- 
pense, compared with that of jewels, is not its least 
recommendation. 
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STAENGTH OF MATERIALS. 

f 19 a hollow tvbe of metal stronger than the same 
'y qf metal as a solid rodi 
vase its substance, standing further from the 
, refflsts with a larger lever. Hence, pillars of 
yn are generally made hollow, that they may 
trength, with as little metal as possible. Masts 
irds for ships have been made hollow, in accord- 
nth the same principle. 

r does a plank bend and break more readily than 
, and a beam resting on its edges, hear a greater 
Ihan if resting ontts side f 
luse the resistmg lever is smaller in proportion 
beam is thinner. Where a single beam cannot 
ad deep enough to have the strength reouired 
particular case, as for supporting the roof of a 
several beams are joined together, and m a 
^ety of ways, as is seen in house-raflers, &c. 
, although consisting of three or more pieces, 
9 considered as one veiy broad beam, with those 
5Ut out which do not contribute much to the 
h.—^^mott. 

r is a beam, when bent by Us weight in the middle^ 
ibleto break9 

iuse the destroying force acts by the long lever, 
ig from the end of the beam to the centre, and 
oflting force or strength acts only by the short 
5rom the side to the centre ; while only a little 
substance of the beam on the under side is al- 
to resist at all. This last circumstance is so 
cable, that the scratch of a pin on the under side 
ank, resting as here supposed, Mill sometimes 
to begin the fracture. — Jbmott, 
%B a suspension bridge more economical than on 
3f, or insistent bridge ? 

uise a suspension-bridge varies its curve so as 
It it to any variation or partial excess in its 
04 
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load, ID coDsequence of which, the strength of the 
chains may, with ^at preciaon, be adjusted to any 
required strain, and no more : while, in insistent bridges, 
the liability of the arch to a fatal derangement of its 
form by partial or excessive pressure, requires an enor- 
mous increase of weight and strength, beyond what is 
requisite for the mere support of its load, supposing it 
to be uniformly distributed. — Ainger, 

Why is iron admirably adapted for the catutruetion of 
suspension brieves f 

because the greater part of the weight of these 
bridges arises from the chains themselves, wherefore, 
the best material for the purpose, is that which has 
great tenacity with small weight ; and iron is at the 
same time the most tenacious, and, excepting tin, the 
lightest of the common metals. A square inch of good 
iron requires about 25 tons to separate it, — and it will 
not be stretched or otherwise affected, with less than 
half that weight Rope bridges, have, however, been 
introduced, with the advantages of economy and porta- 
bility, into British India, where a rope-bric^e, 160 feet 
in length, is so light and portable, that it has been se- 
veral times set up and removed in a few hours. — *^- 

We may nbre mention, that Mr. Bevan has found 
the strength or cohesion of cast-iron, to be upwards of 
80,000 pounds to the square-inch, though much de- 
pends upon the mode of applying the force. 

ffhy is iron best cemented by cast-iron'^ 

Because pure iron, when surrounded by and in con- 
tact with cast-iron turnings, and heated, is carbonized 
very rapidly, so as to exhibit all the properties of steeL 

}fky is heated air now used in smetHng iron ? 

Because it requires but three-fourths of the quantity 
of coal requisite, when cold air, that is, air not artifi- 
cially heated, is employed for that purpose ; while the 
produce of the furnace in iron, is at the same tune 
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greatly increased. It is supposed, that this improve- 
ment will accomplish a saving in the cost of the iron, 
ia Great Britain, to the amount of at least 200,000^. 
•-year. — Jameson. 

Wk^ art piles for hridge-buUdingy driven hy great 
pmjjekts heini^ sitddenly letJaU on (hm. i 

Because the body of the workman being too weak, 
to give a forcible downward push directly, he employs 
a certain time in carrying a weight up to such an 
elevation above his work, that when let fall, its mo- 
mentum may do what is required. Here the continu- 
ed efforts of the man in Hfting the weight, to a height 
of perhaps thirty feet, may l^ just sufficient to sink 
iDto the earth one inch; and the continuance has, 
therefore, balanced forces, which are to each other in 
intensity, as thirty feet to an inch. — Antott, 

Why dots an tU-hvilt bridge generaUyJlaUen in (he arM 

Because the builder has not sufficiently attended to 
the effect of the horizontal thrust of the arch on its 
piers. Each arch is an engine of oblique force, push- 
ing the ])ier away from it. In some instances, one 
arch of a bridge falling, has allowed the adjoining 
piers to be pushed down towards it, by the thrust, no 
longer balanced, of the arches beyond ; and the whole 
structure has given way at once, like a child's bridge, 
built of cards. — Amott, 

The principle of bridge-building is beautifully illus- 
trated by the small toy-models ; tSie stones being rep- 
resented by separate pieces of wood, which the 
juvenile architect is required to form into an arch, or 
arches. It could be wished that the above and such 
scientific toys were better appreciated in England. 
They seem only to suit the caprice of the moment. 
Thus, the Chinese, Indian, and other puzzles, were 
but the favourites of a vear, and Dr. Brewster's splen- 
did kaleidoscope was less understood, and more abus- 
ed, than any modem discovery. 
e2 
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Wkjf do the great domes of churches resewik simpk 
arches f 

Because they have strength on the same principle, 
being in general, strongly Dound at the bottom, with 
chains and iron bars, to counteract the horizontal 
thrust of the superstructure ; this binding, in truth, re- 
sembling a pier all round. St Peter's at Rome, and 
St. Paul's in London, are fine examples; as is also 
the large fir roof of the Basilica of St Paul's. At 
Rome, the trusses are double, and placed fifteen inch- 
es asunder, which gives it, probably, more stability 
than if they were strapped and bound into an^e 
masses. 

ffhy is the Gothic or pointed arch so universally ad- 
mired for its strength ana beauty ? 

Because it bears the chief weight on its summit or 
key-stone. Bishop Warburton, in his Divine Legation^ 
supposes the Gothic arch to have been taken mm an 
avenue of trees. Hence the "high o'er arching 
groves," and " the verdant portico of woods," of Mil- 
ton and Thomson ; Cowper says, 

" The grove receives us next. 

Between the upright shafts of whose tall elms," &c. 

In Betchworth Park, Surrey, is an avenue of gigantic 
elms : its length is 350 yards, resembling the nave of a 
cathedral ; the trees form, on the outside, a vast screen 
or wall of verdure ; within, the branches, meeting at a 
great height in the air fi*om the opposite rows, form 
" Grothic arches," and exclude every ray of the meri- 
dian sun. 

Why does the arched form hear pressure so admraHtly^ 
Because, by means of it, the force that would de- 
stroy is made to compress all the atoms or parts at 
once, and nearly in the same degree. The whole sub- 
stance of the arch therefore resists, almost like that of 
a straight pillar under weight, and is nearly as strong. 
The strength of the arched form is exemplified in 
the well-known experiment of bottles, containing only 
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air, and coiked, being let down into the sea, and drawn 
up filled with water, and tlie cork driven in below tlie 
neck of the bottle. Thus, if the bottle Imve flat sides, 
and be square-bottomed, it will be broken by the pres- 
■lire ; but, if it be round, it will be more likely to resist 
the pressure, and have the cork forced in. The shape, 
in this case, is conducive to strength, — ^partaking of the 
qualities of an arch. 

It is not known at what period the arch was invented, 
but it was comparatively in modem times. The hint 
was probably taken from nature ; arched rocks l>eing 
among the interesting wonders of the earth. At Lewis, 
in the Hebrides, is a stupendous specimen of curved 
gneiss, (a primitive rock, in which metals mosdy 
abound) which has the bold symmetry of the Saxon 
arch. It is a matter of suiprise, that, with so many 
specimens in nature, the arched form was not adopted 
earlier. The human skull is another specimen of the 
arched form ; and the sti*ength thus o!:tained, explains 
the unseeminff impossibility of breaking an egg by 
pressing it endwise between our hands : again, what 
nard blows of the spoon or knife are often requisite to 
penetrate the shell. ''The weakness of a similflr sub- 
stance, which has not the arched form, is seen in a scale 
firom a piece of free-stone, which so readily crumbles 
between the fingers." 

It is generally admitted, that the early Greeks were 
unacquainted with the principle of constructing the 
arch, and that neither the Indians nor Egyptians were 
acquainted with it. In Egypt, however, the monu- 
ments of which country are more ancient probably than 
any other on the face of tlie globe, the form of the Ro- 
man arch was well known, as is attested by remains of 
passages cutmU'm stone. Among the ruins of The oes, 
sun-dried brick-buildings have l^n found to contain 
eoiufrudeif arches, which may be referred to an age 
coeval with Thebes itself, as well as to any later pe- 
riod. In the oldest buildings of the Hairan, are round 
64* 
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and pointed arches, cut out and constructed; so that 
the arch may be carried back to the eai^est period at 
which these fertile plains were Arst peopled by a race 
dwellmg in houses ; and this we know to have been as 
early as the time of Job, or even before, as, in hia day^ 
his sons and daughters feasted luxuriously in Aoiue** 
It is not, however, to be necessarily inferred from this, . 
that the Romans borrowed the form of the arch, or the 
principle of its construction, from the East, siiiocitbese 
might both have existed in this quarter at an earijpe' 
nod, and yet have been discovered in Italy at a much 
later date, without any knowledge of its existence ebe* 
where. — Abridged from Buckingham's Thwels. 

Why is the invention of architedvre attributed to iht 
Egyptians 7 

Because the Egyptian capitals are a complication of 
orders in one mass, which, if divided, would produce 
numerous hints for new ideas. Thus, from the htut' 
leaved capitals, it will be acknowledged, that the Doric 
and Corinthian orders have been extracted. The lonici 
also, is beUeved to have originated in Egypt ; from the 
remains of the small temple of Isis, in the island of 
Philse. Isis, is tlie lo of the Greeks, from whom the 
name of Ionic was no doubt derived ; and it is very 
probable, that he who introduced the order gave it that 
name, as having been taken from the temple of the 
goddess. Such is the hypothesis of Belzoni, respecting 
three of the five orders ; the remaining two are thus 
explained : — ^the Tuscan, by inspection, and comparison 
of its component elements, will be found almost the 
same as the Doric, and is evidently derived from it; 
and the Composite is formed of the proportions and en-* 
richments of the Corinthian order, and the angular 
volute of the Ionic. 

fVhy did (he Egyptians erect such stupendous mmiu- 
ments as the pyramids ? 

Because, it is conjectured, of the policy of the 



Egyptian rukns, whose plan to prevent tlie evils of 
oyer-populousn»38y waa, to accustom the lower orders to 
a spare diet, and employ them in the construction of 
hiupe edifices, destined for tombs, or the temples of re- 
liflion. Hence, the pyramids and excavated temples, 
ipmich still excite the wonder of the world, and prove 
'wliat may be effected by the aid of the simplest ma* 
chiiieiT, — ^with time, numbers, and perseverance.— 
JMBsm* 

Whf do the more ancient Egyptian monumenta ex- 
eeed me later in desten and execvium f 

Because, among the Egyptians, every thing advanceil 
to a certain point of perfection ; — ^there stopped, never to 
advance, but rather to recede. — BdzonL 

Why are light-houses buUt of a circular form ? 

Because, partaking of the properties of the arch, it 
best enables them to withstand the fliry of tempests, 
from every quarter. The Eddystone light-house, built 
by Mn Smeaton, the English engineer, is a splendid 
tnumph of this principle. 

Why toere mirrors first used for reflecting light' 
houiesf 

Because of the following trivial circumstance. 

At a meeting of a society of mathematicians, at Li'» 
verpool, one of the members proposed to lay a wager, 
that he would rend a paragraph of a newspaper, at ten 
yards distance, with the light of a farthing candle* 
The wager was laid) and the proposer covered tlie in- 
side of a wooden dish with pieces of looking-glass, 
fastened in wi h glazier's putty, — placed his reflector 
behind the candle, and won his wager. One of the 
company marked this experiment with a pliilosophic 
eye. This was Capt. Hutchinson, the Dock-master, with 
whom originated the Reflecting Light-houses, erected 
at Liverpool, in 1763. 

The revolving lights, as at Calais, are an improve- 
ment upon this invention. Lieutenant Drummo d's 
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ingenious application of iffnited lime to the illumina- 
tion of light-houses, a briluant diacoyeiy of the present 
day, has been already noticed.* 

ff% is hempm-rope preferable to iron'tikmn for (ke 
scale of a toeighing beam ? 

Because the rope resists a greater weight &lling into 
the scale than is resisted by the chain, and is aftoge- 
ther stronger than the chain ; the hemp yields by its 
elasticity, and continues its resistance through a con- 
siderable space and time, — and thus at last gradually 
overcomes the momentum ; while tlie iron, by not yield- 
ing, either requires to be strong enough to stop the 
mass suddenly, or breaks. 

fVhy are chain cables stronger than those of hemp or 
rope^ 

Because the chain, by its weight, hangs as a cunre 
or inverted arch in the water, while the rope being 
nearly of tlie weight of water, is supported by it, and 
becomes almost a straight line irom the anchor to the 
ship ; and when a great wave dashes against the ship, 
the straight rope can only yield by the elasticity of its 
material, and, comparatively, therefore, a little way; 
but the bent chain vnll yield until it be drawn nearly 
straiglit, and by this greater latitude of yielding, and 
consequent length of resistance, it will stand a greater 
shock. — Amott, 

Why is British oak more durable than that of NMh 
•America ^ 

Because variable weather, as in Britain, conduces to 
firmness, whereas, the hot summers of North America 
impoverish its growth. 

Why is steaming pr (judicial to timber f 

Because the heat and moisture together, always 
weaken that constituent principle of the timl^r, upon 
which its strength and durabihty in a great measure 

depend. 

* See Popular Chsmistrt, page 50 
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fFhf %8 steaming indispensable for sMp-hmUmg ? 

Beouise the planks cannot be otherwise curved or 
twisted, as in ^e bends of the hull of the vessel. 

To give an idea of the enormous quantity of timber 
necessary to construct a ship of war, we may observe, 
that 2,000 tons, or 3,000 loads, are computed to be re- 
quired for a seventy-four. Now, reckoning fifty oaks 
to the acre, of 100 years standing, and the quantity in 
each tree at a load and a half, it would require forty 
acres of oak-forest to build one seventy-four ; and the 
quantity increases in a great ratio, for die largest class 
of line-of-battle-ships. A first-rate man-of-war requires 
about 60,000 cubic feet of timber, and uses 180,000 
pounds of rough hemp, in the cordage and sails for it. 
The average duration of these vast machines, when 
employed, is computed to be fourteen years. It is 
supposed, that all the oaks now in Scotland, would not 
biuld two ships of the line. In Sweden, all the oak 
belonffs to the king, or the proprietors of estates can 
only cQspose of it to government ; so that, when not 
wanted for the navy, it is often left to decay, and in- 
deed, is generally much neglected. 

Whfis teak wood superior to oak 9 

Because it is stronger and more buoyant. Its dura- 
Inlity is more decided ; and, unlike the oak, it may be 
put in use almost green from the forest, without dan^r 
of wet or dry rot The oak contains an acid which 
corrodes and destroys iron ; the teak, on the contrary, 
possesses an essential oil which preserves iron. 

IVhf are heech and dm good^ timber for the lower 
keels of ships, and the piles tf bridges analuxrhours ? 

Beoiuse both, when under water, are extremely 
durable ; though neither stand the effects of the at- 
mosphere. 

'^y i^fr preferable to oak for common huHding ? 

Because it is lighter, far more elastic, more easily 
worked, straighter, and of much greater length. The 
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best that comes in the form of deals, is from Christiaiia 
and Frc^lerickstadt, chiefly on account of the vast su- 
periority of the saw-mills there. 

Why tons chestnut used in ancieitt roofs $ 
Because of its lighmess and durabihty. The largest 
roof of the ancient construction is that of Wetjminster 
Hall, which is of chesmut The support of ui4fy piece 
of timber is apparent ; and the only strain which ap- 
pears directly across the timber is on the boards and 
rafters between the great trusses ; and it does not ap- 
pear to be in the least decayed, although constructed 
four hundred and fifty years since. 

COALS AND GUNPOWDER. 

Why art coals so prodtuMve of grand mechamcd 
effects'? 

Because of their great hidden powers, which we 
can at pleasure call into action. Thus, it is well 
known to modem engineers, that there is virtue in a 
bushel of coals, properly consumed, to raise seventy 
millions of pounds weight a foot hieh. This actually 
is the average effect of an engine at this moment workr 
ing in Cornwall. The Meuai Bridge, one of the most 
stupendous works of art that has men raised by man 
in modem ages, consists of a mass of iron not less than 
four millions of pounds in weight, suspended at a 
medium height of about 120 feet above the sea. The 
consumption of seven bushels of coal would suffice 
to raise it to the place where it hangs. 

The great pyramid of Egypt is composed of granite. 
It is 700 feet in the side of its base, and 500 in per- 
pendicular height, and stands on eleven acres of ground. 
Its weight is, therefore, 12,760 millions of poun<^ ata 
medium height of 125 feet ; consequently, it could be 
raised by the effort of about 690 chaldrons of coal, a 
quanti^ consumed in some foundries in a week.— 
/. F. Herschel. 
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Why 18 gtmpotcder cmoiher important source of me- 
Corneal power? 

Because of the tremendous force which it exercises 
in certain operations, as blasting rocks, &c. in the 
progress of mechanical works. Thus, in the progcess 
of cutting the Delaware Canal, four kegs of gunpow- 
der, containing about 1001b. were, in 1829, tued for a 
single blast, and had the effect of rending in pieces 
more than 400 cubic yards of rock.* 

Yet it is only when we endeavour to confine gun- 
powder, that we get a full conception of the immense 
snergy of that astonishing agent. In Count Ru mford's 
experiments, twenty-eight grains of powder in a small 
cylindrical space which was jxLst fUed, tore asunder a 
piece of iron which would have resisted a strain of 
400,000 pounds, applied at no greater mechanical dis- 
advantage. 

BALA17CES. 

ffhy are we enabled to determine the rdaivoe weight 
^ a iody, compared loith the weight of another body, 
assumed as a standard, by means of the balance ? 

Because the balance consists of an inflexible rod or 
lever, called the beam, furnished with three axes; 
one, the fulcrum, or centre of motion, situated in the 
middle, upon which the beam turns, aiid the other two 
near the extremities, and at equal distances from the 
middle. These last are called the points of support, 
and serve to sustain the pairs or scales. These points 
and the fulcrum are in the same right line, and the 
centre of gravity of the whole should be a little below 
Ae iblcnim, when the position of the beam is hori- 
zontel. The arms of the lever being equal, it follows, 

* By way of parallel with this effect, though produced by different 
means, we may mention that in 1^5 there was opened in Cochin- 
China, a canal twenty-three miles long, eighty feet wide, and twelve 
feet deep. It was begun and finished in six weeks, although carried 
tlmmgh large forests, and over extensive marshes. Twenty thousand 
men were at work upon it day and night ; and it is said that seven 
tboufttid died of fatigue 
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that if equal weights be put into the scales, uo effect 
will be produced on the position of the balance, and 
the beam will remain horizontal If a small addition 
be made to the weight in one of the scales, the hori- 
zontality of the beams will be disturbed ; and, aflsr 
oscillating for some time, it will, on attaining a state 
of rest, form an angle with the horizon, the extent of 
which is a measure of the dehcacy or sensibitity of tiie 
balance. 

fVhy should not the weights of a baitmce be touched In; 
(he hand^ 

Because that would not only oxydate the weight, 
(or cause it to rust) but by raising its temperature, it 
would appear lighter when plac^ in the scale-pan, 
than it should do, in consequence of the ascent of the 
heated air. For the large weights, a wooden fbi^ or 
tongs should be employed ; and for the smaller, a pair 
of forceps made of copper ; this metal possessing suffi- 
cient elasticity to open the forceps on their being re- 
leased from pressure, and yet not opposing a resistaDce 
sufficient to interfere with that delicacy of touch, which 
is desirable in such operations. — SjiUer. 

Why does one weight alone serve to determine a gnd 
variety of others, by the steely ardf 

Because the steelyard is a lever, having unequal 
arms, and by sliding the weight along the longer arm 
of the lever, we thus vary its distance from the ful- 
crum, taken in a reverse order ; consequently, when a 
constant weight is used, and an equihbrium estab- 
hshed, by sUi&ng this we*irht on the longer arm of 
the lever, there£tive weight of the substance weij^ed, 
to the constant weight, mil be in the same proportion 
as the distance of me constant weight from the M' 
crum is to the length of the shorter arm. 

Why is the sfiing steelyard in very general usef 

Because of its portability ; as a spring that will as- 
certain weights mm one pound to fifty, is contained 
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in m cylinder only 4 inches long, and i inch diameter. 
To use this instrument, the sul^tance to be weighed is 
suspended by a hook, the instrument being held by a 
rme passing throng the rod at the other end. The 
sprmg then suffers a compression, proportionate to the 
weight, and the number of pounds is indicated by the 
division on the rod, which is cut by the top of the 
cylindrical tube. — Kater, 

The dial weighing machine is a modification of the 
same principle, connected with hands on a dial or 
clock-tace to denote the weight. 

WATER. i 

Why do vxtter-wheds vary in Omr constnu:tion ? 

Because of the different ways in wliich the mecha* 
nical force of the liquid is intended to be apphed. 

Why are certain of these wheels caUed overshot 9 

Because the water by which they are impelled de- 
scends from its level, to a lower one ; its weight during 
the descent (falling, as it were, over the wheel) caus- 
ing the wheel to turn. That this may l>e possible, it is 
only necessary that there should be a sufficient supply 
of water at the superior level, and that there should be 
a means of carrymg it off after its descent, so as to 
prevent by its accumulation, the equalisation of the 
two levels. Hence the necessity of flood-gates in a 
mill course. On the circumference of the wheel the 
weight of the water is made to act in its descent, in a 
direction as nearly as possible at the right angles to 
the spokes, or radii; this pressure, however, acting 
only at one side of the wheel ; thus making the wheel 
revolve, and communicate motion to its axis ; and this 
motion being transmitted by wheel-work, and other 
contrivances, to the machinery which it is required to 
work. 

Why are other wheels called undershot f 

Because the flat or float boards placed at equal dis- 
tances on the rim, and projecting from it, in direc- 
65 
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tioiis diverging from its centre, are intended to receive 
tiie iinuulse ot the water as it passes under the wheel 
The wheol is thereby caused to revolve in the direc- 
tion of the stream, with a force depending on the 
(|uantity and velocity of the water, and the number, 
torm, and position ot the float-boards. 

The brtcutt wheel partakes of the nature of the over- 
shot and imdershot wheels ; Uke the latter, it has float- 
Imonls ; but, like the former, it is worked more by the 
woipht of water tlian by its impulse. 

The poic^r of water on wheels may be thus illus- 
trated. If 100 gallons per minute be equal to a cer- 
tain |>ower with one foot of fall, one gallon per miuute 
will |)ertbmi the same work with 100 feet of fall.* 

tlhy M ike hydrostatic or BramafCs press, another 
example of the mechanical agency of xtater ? 

Becausi^ water, in common with all fluids, possesses 
the power of transmitting pressure equally in every 
dinM'tion. In this instance, too, it is materially aided 
by the meelmnical efficacy of the lever. 

' Piis(»al (ieuionstrnted this principle and its advan- 
tage's, by fixing to the upper end of a cask set upright, 
a very long and narrow cylinder. In filling the bar- 
rel, and at^erwards the cyhnder, the simple addition 
of a pint or two of water, which the latter was capable 
of containing, produced the same effect as if the cask, 
preserving its diameter throughout, had its height in- 
creased by the whole length of the cylinder. Thus, 
the increase of weight of a pint or two of water, was 
sufficient to burst the bottom of the hogshead, by the 
immense augmentation of pressure it occasioned. Now, 
if we suppose the water removed from the cylinder of 

* The mechanical force of running water is treroerdoas. Daring 
the great storm and flood in Scotland, in 1829, the river Don forced a 
mass of 400 or 500 tona of stones, many of 200 or 300 pounds weight, 
up an inclined plane, rising 6 feet in 8 or 10 yards. A stone of 3<ff 4 
tons, was likewise nMlwd out of a deep pool of the river, 100 ynrds 
from its place. 
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nairow dimensions, and replaced by a solid of equiva- 
lent weight, such as a piston, it is evident that the 
pressure must remain everywhere the same. Again, 
if we suppose the weight of the piston to be multiplied 
by the power of a lever acting on its shaft, the pres- 
sure will be proportionally augmented, so as to pro- 
duce on the bottom of the cask a pressure equivdent 
to an enormous weight, with the exertion of very little 
primitive force on the piston. — JSTotes in Science, 

This property of liquids also enables us with great 
facility to transmit the motion and force of one ma- 
chine to another, in cases where local circumstances 
preclude the possibility of instituting any ordinary 
mechanical connexion between the two machines. 
Thus, merely by means of water-pipes, the force of a 
machine may be transmitted to any distance, and over 
inequalities of ground, or through any other obstruc- 
tions. 

Why is the hydrostatic press more advantageous than 
(hat iDorked by a screw ^ 

Because between solids and fluids there is httle or 
no friction ; and, accordingly, in tlie hydrostatic press 
no force is lost by friction, except what is necessary to 
overcome the friction of the pistons in the cylinders. 
The loss of power in the screw, by means of friction, 
has already been explained at page 32. 

ANIMAL STRENGTH. 

ffhy does the rate of steam carriages surpass the vi- 
most stretch of animal power ? 

Because the machine by which they are propelled, 
unlike any animal, rolls along unimpeded in any de- 
gree by the speed of its own motion. 

According to some experiments, recently made by 
Mr. Bevan, to determine the actual force of draught 
of carria^s upon common roads, it appears that Eve 
horses yni\ draw with equal ease &e same load upon 
a good hard turnpike road, as thii^-three horses can 
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do upon loose sand. Or, if we assume the value of 
draucht, upon a well-formed road in good condition, 
at GoT per ton per mile, the equivalent price of draught 
will be upon hard turl^ 7id, ; hard loam 9^<i.; onii- 
nary bye-road, la, 7(L; newly gravelled road, 2$, Sd; 
loose sandy road, 3*. Id, — Phi&s. Mag. 

The power of some do^ is very extraordinary. Nine 
Esquimaux dogs, belonging to Captain Lyon, dragged 
1611 pounds one mile (1760 yards) in nine minutes, 
and worked in this manner for seven or eight hours 
a day. 

Why is it so disadvantageous to propel boats on canals 
by means of horses ? 

Because the expenditure of animal strength takes 
place in a far greater proportion than the increase of 
speed. Thus, if a horse of a certain strength is barely 
able to transport a given load ten miles a day for a 
continuance, two horses of the same strength will be 
altogether insufficient to transport the same load twenty 
miles a day. To accomplish tliat a greater number of 
similar horses would be requisite. If a still greater 
speed be attempted, the number of horses necessary to 
accomplish it would be increased in a prodigiously 
rapid proportion. This will be evident, if the extreme 
case be considered, viz., that there is a limit of speed 
which the horse, under no circumstances, can exceed. 
In an ordinary canal one horse with a boat will be suf- 
ficient for every thirty tons. 

Why is a man better enabled than a horse to carry a 
weight up a steep hill 9 

Because the peculiar disposition of the limbs of a 
man, renders him well fitted for this species of labour; 
whereas it is the worst method in which a horse can 
be employed. It has been observed that three men 
climbing a hill, loaded with lOOlbs. each, will ascend 
witli greater speed than one horse carrying 3001bs. 

The average value of human strengtli, considered 
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M a mechanical agent, has been variously estimated. 
Desaguliers considers that a man can raise the weight 
of 5S)lbs. ten feet high iu a niinute, and continue to 
do so for six hours. Smeaton, however, thinks that 
six good EngUsh labourera will be required to raise 
^1,141 solid reet of sea- water to the height of four feet 
in four hours* In this case^ they will raise very little 
more than six cubic feet of fresh water each, ten feet 
high in a minute. The labourers whom Smeaton 
supposes to execute this work he considers to be equal 
to twice the number of ordinary men. It would, 
therefore, perhaps, be a fair average value of a man's 
work to estimate it, for a continuance, at half a hogs- 
head of water raised through ten feet in a minute. 

The efforts of men differ with the manner in which 
these efforts are employed. It has been shown by 
Mr. R» Buchanan, that the same quantities of human 
labour employed in worldng a pump, turning a wheel, 
ringing a bell) and rowing a boat, are as the numbers 
100, 167, 227, and 248. The most advantageous 
manner of applying human strength is in the art of 
rowing. — The strength of an ordinary man walking in 
«n horizontal direction, and with his body inclining 
forward, is, however, only equal to 271b., and it is 
known by experience, that a horse can draw horizon- 
taUy as much as seven men. 

Why is the power of a steam*engine expressed in 
horse potoerf 

Because this mode was introduced when steam en 
gines first began to supersede horse miUs, when the 
manu&cturer naturally inquired how many horses a 
«team-en^e would dispense with. Hence the ex- 
pression IS more practical than scientific. 

The power of a horse is understood to be that which 
will elevate a weight of 33,000* pounds, the height of 

* Another estimate reduces this to only 22,000 pounds, raised one 
fbot higb in a minute, equivalent to 100 pounds in two miles and a 
half per hour. 

66» 
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one foot in a minute of time, equal to about 90 pounds 
at the rate of four miles an hour. This is a force 
greater than that exerted by a common cart horse, 
which is not estimated at more than 70 pounds : that 
is to say, that a hoi*se harnessed to a c^rt, weighing, 
with its load, forty cvvt. or two tons, and drawing on a 
level road at the rate of four miles an hour, makes use 
of the same force, as if his traces, instead of being 
fastened to a cart, were passed over a pulley, and lift- 
ed perpendicularly a weight of 70 pounds. 

A steam-engine consumes about 20 feet of steam 
per minute for every horse-power. — Notes in ScteTice. 

RAILWAYS* 

Why are railways more economical than ordinary 
roads") 

Becaust^, to drag a loaded waggon up one inconsid- 
erable hill, costs more force than to send it thirty of 
forty miles along a level railway ; and the conclusion 
follows, that although the original expense of forming 
the level line might materially exceed that of making 
an ordinary road, still, in situations of great traffic, the 
difference would soon be paid by the savings; and 
when once paid, the savings would be as profit evef 
after. — Artwtt, 

By way of illustrating the great economy of ma- 
chineiy, we may observe, that in Sedjah, f where the 
Arabs obtain fine millstones) " their unskilmlness and 
want of proper implements adapted to their labour, 
with the expense of carriage from the quarry to the 
place of sale, each stone requiring a single camel, 
(wheel carriages and good roads being entirely un- 
known) occasion an advance above the prime cost at 
which they might be hewn in England, of at least 500 
per cent, each pair of stones costing from ten to twen- 
ty pounds sterling." — Buckingham's Travels. 

JVhy has a suspension railtoav been rqoresenttd as 
more advantageous than a ground raUroad 7 
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Because the former takes a straightforward point 
from one town to another, without regard to the sur- 
&ce of the country over which it has to go, whether 
rising or falling, a perfect level being obtained by 
varying the heights of the pillars or piers which sup- 
port the railway ; while its height above the ground 
allows agriculture and commerce to go on under it 
without interruption. The cost of a suspension rail- 
way has been estimated at £1,400 per mile, which is 
about two-tliirds less than the average expense of a 
ground railroad. Models of a suspension railway, and 
carriages adapted to it, were recently exhibited in Lon- 
don, by Mr. Maxwell Dick, their inventor. 

Why is wrought iron preferable to cast iron for raU^ 

tOCttisf 

JBecause by wrought iron rails we reduce the num- 
ber of joints ; the difficulty of making the rails perfectly 
even at the joints, has also contributed much towards 
the introduction of vsTought iron. 

Edge railways were first made of wood, near New- 
castle ; these were next covered with plates of wrought 
iron in the parts most likely to Wear. Cast iron was 
subsequently introduced there and elsewhere; and 
Wrought iron is now being very generally substituted 
for the cast. 

Why has it been proposed to transfer the power of fixed 
wnd cheap first movers to locomotive carriages^ ^c. travel^ 
Itn^ on common turnpike toads'^ 

Because the power of a steam-engine, moving with 
the locomotive carriage, is very expensive when com- 
pared to an equal power obtained by a large ordinary 
fixed engine, a wind or water mill, or other common 
first mover. Mr. Fordham, the originator of this plan, 
proposes to condense air into cylinders, and then to 
use this condensed air as the motive force. 

Jfhy has the application of steam to land carriagei 
hten so long a favourite prqjed loith mechanicians f 
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Because the transition from the one element to the 
other appears, at first view, to be so simple and easy J 
the same mechanical process which turns the paddle 
wheels of a vessel in the water, would seem quite ade- 
quate to impart a similar motion to the wheels of a 
carriage on land. So early as the year 1769, Mr. 
Watt metitions the practicability of appljring it to 
domestic improvement, though it does not appear that 
Watt gave motion to a carriage. Symington, who 
claims tlie original invention of the steam-boat, had 
previously contrived a similar application for the im- 
pelling of carriages; and actuaUy exhibited, in the 
year 1787, in Edinburgh, the first model of a steam- 
carriage that was perhaps ever seen. Hence we may 
conclude that the repeated failures m the plan have 
not been occasioned so much by the want of practical 
skill, as by some radical difficulty which had not been 
sufficiently adverted to. 

The steepest inclined planes which, as far as we are 
aware, locomotive engines have attempted to surmount^ 
are those on the Bolton and Leigh railway, in Lan- 
cashke. One of these planes is a mile and a half 
long, and rises one yard in thirty. Up the former of 
these the Sans Pareil engine ascended, drawing after 
her her tender carriage with coal and water, two 
waggons loaded witli iron, and a carriage with passen- 
gers, making a gross weight drawn, of about fifteen 
tons ; with which she moved at the rate of nine miles 
per hour. Up the steepest plane (rising 1 yard in 30) 
she drew her tender, and one carriage with passengers, 
the gross weight being about four tons fifteen cwt., 
with which she ascended at a speed of from nine to 
eleven miles per hour; each of these performances 
being equal to about sixty-five tons drawn on a leveL 
— J\/ote to Quarterly Review, 

Why was the difficulty iust adverted to greater in tlu 
land carriage than in the boat 7 

Because of the resistance to the progress of the 
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carriage by the inequalities and other obstructions on 
the roads. It is not here as in navigation, where the 
most enormous weights are -buoyed up by the hquid 
element, without increasing, in the same degree, the 
resistance to the vessel. Every additional load to a 
land carriage creates an additional resistance, arising 
from inertia, friction, and other such impediments, 
exactiy in proportion to its weight — Quarterly Review. 

Why does the progress of locomotive engines on raU- 
roads appear so extraordinary 7 

Because we compare their moving power and resist- 
ance with other moving powers and resistances to 
which our minds have been familiar. To the power 
of a steam-engine, in fact, there is no practical limit ; 
the size of the machine and the strength of the ma- 
terials excepted. This is compared with agents to 
whose powers nature has not only imposed a limit, 
but a narrow one. The strength of animals, as just 
shown, is circumscribed, and their power of speed 
still more so. 

Why are railways usually laid down in dovble 
linesf 

Because carriages, moving in opposite directions, 
may pass each other without interfering. In the same 
manner, a third or fourth, or more lines, may be laid 
down, if necessary ; and, between tiiem are commu- 
nications, at intervals, by which any carriage overta- 
king another in the same track, may turn aside to one of 
the adjacent lines, and pass it, without stopping either. 

The Chevalier Baader, of Munich, has contrived a 
plan for this purpose, so that no siding planes nor 
turning plates are necessary ; and turning can be per- 
formed almost as quickly and as easily as upon a 
common turnpike road. He has also constructed 
waggons, so that upon a dead level, the power of one 
horse is sufficient to draw with ease, and at a good 
pace, a load of from twelve to fourteen tons, when 
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divided amoDgst several carriages linked together. 
The Chevalier also states that he has discovered a 
new principle, by which the power and motion of 
stationary steam-engines, and other machines, estab- 
lished at considerable distances apart, along die rail- 
roads, and working vnthout interruption, can be im- 
parted to any number of loaded carriages passing 
u})on the railway, from one steam-engine or machine 
to another, without the employment of drag-ropes or 
chains, or, indeed, of any intermediate apparatus; 
and yet with any reasonable degree of velocity. These 
extraordinary statements are made in the Franklin 
Journal, 1830. 

Why are the resistances which occur on a raiiway 
rather diminished than increased by velocity of motion ? 

Because tlie quicker we move along, there is the 
less time for the retarding force to operate ; by in- 
creasing the rapidity, we escape, in some degree, from 
its influence, and may really be urged forward with a 
smaller amount of force, provided the machinery be 
adapted to so quick a rate of motion. — Quarterly Review. 

fVhy has a tubvlar boiler, or one composed of welded 
iron pipes, been adopted by Mr, Crwmey, in his steam 
carriage 9 

Because, even from the bursting of such a boiler, 
there is not the most distant chance of mischief to the 
passengers. Instead of being, as in ordinary cases, a 
large vessel closed on all sides, with the exception of 
the valves and steam conductors, which a high pres- 
sure or accidental defect may burst, Mr. Gurney's 
boiler consists of a horse-shoe of pipes, and the space 
between them is the furnace ; the whole being enclo- 
sed with sheet-iron. The only possible accident would 
therefore be the bursting of one of these pipes, and a 
temporary diminution of the steam power, according 
to the proportion the pipe bears to the whole boiler. 

}fhy were two steam cylinders introdu4ied instead of 
one, in the early locomotive engines ? 
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Because, by acting at dijOTerent parts of the wheels, 
they produced a much more regular motion than for- 
merly, and rendered unnecessary a fly-wheel, which 
had hitherto been used. 

ffhy were ihe ecaiy engines so injurious to the 
raHwayf 

Because of their enormous weight, amounting to six 
or eiffht tons, exclusive of the tender for water and fuel. 
The Rocket, lately constructed by Messrs. Stephenson 
and Co. of Newcastle-upon IVne, weights only four 
tons five cwt.; and the Novelty, by Messrs. Braith- 
waite and Ericson, weighed but two tons fifteen cwt 

Why is a low chimney desirable^ as in the Novelty 

Because it enables the proprietors of the railway 
to reduce the height of all the bridges under which 
the engines must pass, m crossing any of the public 
as well as private roads. It will admit of a deduction 
of seven or eight feet from the height of the mason- 
work in every such bridge. What a saving, then, must 
this produce in the original cost of a railway, through 
a cultivated country, where these bridges must fi-e- 
quently occur. — Quarterly Review, 

Why isUno longer necessary to lay out railways on a 
perfect levels 

Because en^es have already been made to draw 
carriages up inclined planes rising one yard in thirty, 
and one yard in seventy-two, at the rate of fi-om nine 
to eleven miles an hour. Hence we are enabled to 
▼ary the levels, and adapt them to the undulating 
nature of the country through which the line passes. 

Why are steam carriages for the conveyance of goods, 
expected to vnjftrove the internal irtercourse of Has coun-' 
try in a very important degree ? 

Because it is calculated that the carriage of goods, 
which is now about 9(/. or lOc^. a ton per inue, by 
land, would tlius be reduced to 2rf. ; and, in point of 



reduced, and the firire of raw pronur? 
remote parts nf die country. 

A^ain, " with so great a iarility and a 
miiiiication, tlie priivini^ial towns of an 
beconte so mmiy siiburlis of tJie "i^'troj 
the effect would be Biniilar to that of 
whole JidiabitiLiita into one city." — St 
paper, 

AtiOtber great source of revenue and 
tlua improved mfwleofintcrconrae, (obse 
ierhf Reinew) would oria*^ from the c( 
those fine gooda, parcek of value, and al 
where spee<I and cirtBiuty are requlrd 
ai-e now sent, rit ^imt expense, by co^ 
manner the seatH of thr, various lim 
mannifactureB would he brouj^Iii olmos 
ate contact with tlic f^jreat market:? for 
A merchant in London, on reeeiving 
order, mi#,dit f«end either to Nottinj^ha 
ham, or to Sheiheld, or even to IVIane 
and have the goods in hie shop the m 
day, at an expense not eseecdmg is, i 

Lastly, tire rapid circulation of in 
vel sfitl'lv at *2/» mile: 
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break up their boats, sell the tunbeT) and afterwards 
retUTD home slowly by land ; and a voyage np the river 
from New Orleans to Pittsburgh, a distance of about 
two thousand miles, could hardly be accomplished, 
with the most laborious efforts, within a period of four 
months. This voyage is now made by steam-boats, 
with ease, in 15 or 20 days ; and at the rate of not less 
than five miles an hour. 

Whi UHwld sUam be advardaseous far propelling 
pioughs and other agricuUural implements 7 
. Because, independently of the saving of horses and 
their food, the rarmer would never be obliged to work 
his soil, but when it was in a proper condition for that 
purpose. Mr. Loudon thinks that to apply steam suc- 
cessfully to agriculture, the engineer ought not to seek 
for a new implement, but simply for a convenient loco- 
motive power for propelling the implements already in 
use, modified so as to suit die new impelling power. 

Why are the locomotive engines so advantageous for 
ihe conveyance of passengers^ 

Because they admit a rate of speed that would be en 
tirely inconsistent with safety, even although it were 

Eracticable to attain it with animal power. It would 
e stiU imprudent, however, to adopt the utmost rate 
of thirty miles, because such an unusual rate of velo- 
city, surpassing that of the swiflest horse, would be 
alarming, if it were not dangerous. At the rate of 
twenty miles an hour, however, it might be perfectly 
practicable to travel with the utmost safety and com- 
fort* The economy of the plan may be iUustrated as 
follows : — ^Betv^een Liverpool and Manchester, we may 
safely estimate the number of passengers every day at 
400 each way, and the average fare to be about seven 
■hillings each ; the daily expenditure vnll amount, m 
this manner, to about 280{. By the use of steam- 
coaches, the fares will be reduced to two-shillings 
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and sixpence, and would thus amount only to 100^. 
per day, making a daily saving of 1802^ or upwards of 
60,000!. per annum. 

The expense of the Liverpool and Manchester Rail- 
way, is now estimated at upwards of 20,0001. for each 
mile ; the whole cost amounting to 820,000{. 

The rails used on the Liverpool and Manchester road 
are made of forged iron, in lengths of fiveyards each, 
and weigh thirty-five pounds per yard, ifvery three 
feet the rails rest on blpcks of stone, let into the ground, 
containing each nearly four cubic feet Into each 
block, two holes, six inches deep, and one inch in dia- 
meter, are drilled ; into these are driven oak plugs, 
and the cast-iron chains or pedestals, into which the 
rails are immediately fitted, are firmly spiked down to 
the plugs, forming a structure of great solidity and 
Btren^h. The double lines of rails for the carriage?, 
are laid down with mathematical correctness, and con- 
sist of four equi-distant rails, four feet eight inches 
apart, about two inches in breadth, and rising about 
an inch above the surfece. In the formation of the 
railway, there have been dug out of the different ex- 
cavations, upwards of three millions of cubic yards of 
stone, clay, and soil. 

THE STEAM-ENGINE. 

ffhy is heat so important in the production ofmtclum- 
teal agents f 

Because bodies, whether liquid, solid, or eerifonn, 
exert a certain degree of mechanical force, in the pro- 
cess of enlarging their dimensions, on receiving an 
accession of heat ; and any obstacle which opposes this 
enlargement, sustains an equivalent pressure. iSis 
force is fi*equently used as a mechanical agent, and has 
this to recommend it, that it may be pr^uced to al- 
most any degree of intensity, without the expenditare 
of any other mechanical force in its production. 
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It is not requisite to enter theoretically into the pro- 
duction of heat, since the subject has already been 
popularly iUustrated in the present work.* 

Why is the steoan-engine much more intelligible than 
its name first suggests ? 

Because it is in fact only a pump, in which the fluid 
is made to impel the piston, instead of being impelled 
by it, that is to say, in which the fluid acts as the 
power, instead of being the resistance. It may be de- 
scribed simply as a strong barrel or cylinder, with a 
closely filled piston in it, which is driven up and down 
by steam, admitted alternately above and below from a 
suitable boiler ; while the end of the piston-rod, at 
which the whole force may be considered as concen- 
trated, is connected in any convenient way with the 
work that is to be performed. The power of the engine 
18 of course proportioned to tlie size or area of the pis- 
ton, on which the steam acts with a force, according to 
the density, of fi-om 15 to 100 or more pounds to each 
square inch. In some of the Cornish mines, there are 
cylinders and pistons of more than 90 inches in dia- 
meter, on which the pressure of the steam equals the 
efforts of 600 horses. — AmoU, 

The steam-engines in England represent the power 
of 320,000 horses, equal to 1,920,000 men, and being, 
in feet, managed by only 36,000 men, add conse- 
quently to the power of our population, 1,884,000 men. 

The cost of a steam-engine varies according to its 
power. The smaller cost nearly lOOZ., for each horse 
power, the largest not quite 40*0/. The consumption 
of coal is rated at one bushel, or 84 pounds per hour, 
fi>r an engine often-horse power ; the quantity is some- 
what less in proportion in engines of great power. 

Why is there a large vtbraUng beam in the steamren- 
gme? 

Because, one end being connected with the piston- 

* See Part V., Chemistry.— //ea«, p. 21 to 35. 
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rod, IS pnlkd down, while the power of the en^e is 
appbed at the other end to any mechanical purpose. 
Thus, when connected with immense water-pumpe, it 
caiides almost a river of water to gush out from the 
bofi-els of the earth. 

WTuf art ikt iwiprofDed paddU-uktds of sUam^foatt 
wiode to enter tite waUr sidewtnfsf 

Because they give the propelling stroke direct, 
whereas the oi^inaiy wheels press the broad ftce of 
their paddles on the surfiu^ of the water, and thus 
increase the resistance, 

ffh}f are wUam-tngim/es of tuck important %ut in 
mining? 

Because they speedily raise the water which breaks 
in on the miners. 

The practical adaptation of the steam-engine to me- 
chanical purposes, is considered by Mr. Davies Gilbert 
as due to Mr. Newcomen, whose inquiries were in- 
troduced into Cornwall very early in the last century, 
and soon superseded tlie rude machinery which had, 
till then, been employed for raiang water from mines, 
by the labour of men and horses. 
* The \-arious applications of steam-power would oc- 
cupy many pages : if we except its adaptation to the 
motion of carriages, perhaps few of itsenects are more 
astounding than in the manufiicture of iron. Thus, 
there are fiictories where this resistless power is seen, 
with its mechanic claws, seizing masses of iron, and 
in a few minutes dehvering them out again pressed 
into thin sheets, or cut into bars and ribands, as if the 
iron had become sofl, like clay in the hands of the 
potter. 

The annual product of the foundries of Messrs. 
Crawshay and Co. in Glamorganshire, is 11,000 tons 
weight of pig-iron, and 12,0W) tons of iron in bars. 
A steam-engine of the power of 50 horses, and a water- 
wheel of 50 feet diameter, work the cylindrical blow- 
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ing-nuichiiies, which are indifipensably necessary in 
the ude of coke, and the other machinery of the works. 
This enorinous water-wheel is kept in motion by the 
ItfeiEBure of !25 tons of water per minute. The es- 
tablishment employs from 1,500 to 2,000 workmen, 
ft>nmn^with their families, a population of 4,000 per- 
sons. The sum total of their wages amounts annually 
tQ from 70,000/. to 80,000/. 

Such has been the proffressiye improvement in the 
steam-engine, that in 1829, the best engine in Com-^ 
wall did ten times the work of any engine in 1778 ; or 
each bushel of coals raised 20,000 gallons of water. 

M. Dupin estimates the steam-engines of France 
equivalent to the power of 480,000 workmen turning 
a winch ; and it is calculated by the same writer, that 
Great Britain possesses, in steam-engines alone, a 
moving power equivalent to that of 6,400,000 men 
employed at the windlass. 

fFhv do high pressure differ from Uno pressure en- 
gines7 

Becattse, in high pressure engines the steam is not 
condensed; but after having acted on the piston, is 
allowed to blow off ihto the air; whereas, in low 
pressure engines it passes into a separate vessel, where 
it is condensed ; on which account, and for other rea- 
sons, low pressure engines do not suit a rail-road< 
High pressure endues occupy less room, require less 
fym than low pressure engines, and their power can 
be increased on emergencies, by merely increasing the 
fire ; but the risk of damage from explosion is con- 
siderable. Their principal purpose is to save water, 
but this is always abundant in navigation. 

The principle of high pressure steam-engines de- 
pends on the power of steam to expand itself, 5, 10, 20, 
§0, 40, &c. times beyond its onginal bulk, bv the 
addition of a given portion of heat, which is effected 
by increasing the pressure. 
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Under mean pressure, at the temperature d 
212^. (the boiling point) the bulk of steam is 1^ 
times that of water ; or, as a ready rule for calcula- 
tion, a cubic inch of water produces about a cubic 
foot of steam. The latent heat of steam is about 960^. 

Why is Broum^s Pneumatic Engine a species i^sUam- 
engine f 

because its principle is a very sudden ezpansioii 
and condensation, not of the gases used in the opera- 
tion, but of the small quantity of water formed by the 
combustion of the hydrogen, with the oxygen of the 
atmospheric air, admitted into the cylinder at every 
stroke of the engine. The difference between this and 
a steam engine is, that the elastic and condensable 
fluid is generated at a higher temperature from mate- 
rials admitted into the cylinder itself. The extent of 
the vacuum produced must depend on the tempera- 
ture at which the combustion takes place. — ATotes in 
Science, 

Why is the explosive engine so called f 

Because it is set in motion by the explosion of oil 
gas and atmospheric air, the mechanical force of the 
explosion being employed to drive the machinery. 
Percussion powder, and other substances that explode 
by contact, may eventually be employed for the same 
purpose. 

RECEA'T INVENTIONS AND IMPROVEMENTS. 

Why is the printing-press invented by Lord Stanhope 
so superior to the wooden press, or ihat previously in use f 

Because the Stanhope press is composed entirdy of 
iron ; the table on which the types rest, and the plat- 
ten (or surface which gives the impression) are made 
perfectly level ; a beautiful combinatiou of levers is 
9dded,to ffive motion to the screw, causing the platten 
to descend with increasing rapidity, and consequendy 
with increasing force, till it reaches the type, when a 
very great power is obtained. There have been, per- 
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haps, twenty contrivances for obtaining tlie same efiect ; 
but, as amressy Lord Stanhope's invention has not been 
surpassed. Still, it is only a press, and in point of 
txpedUion has little superiority over its wooden rival, 
producing 250 impressions per hour. 

It is a remarkable fact, that from the invention of 
printing to the year 1798, a period of nearly three 
liundred years, no improvement had been introduced 
into this important art.* 

A mere outUne of the improvements from this period 
would occupy many pages. The great triumph in the 
art has, however, been the substitution of cvllndrical 
machinery for the screw-press. Th e suggestion of this 
improvement belongs to Mr. W. Nicholsou, but the two 
first working machines were erected by Mr. Koeniff, 
for printing the THmes newspaper, the reader of which 
was told, on Nov. 28, 1814, that he held in his hand 
a newspaper printed by machinery, and by the power 
of steam ! 

In these machines the type was made to pass under 
the cylinder, on which was wrapped the sheet of paper, 
die paper being finnly held to the cylinder by means 
of tapes ; the ink was placed in a cylindrical box, from 
which it was forced by means of a powerftil screw de- 
pressing a tightly-fitted pisi .. , thence it fell between 
iwo iron rollers ; below these were placed a number of 
other rollers, two of which had, in addition to their 
rotatory motion, an end motion, i, e. a motion in the 
direction of their length ; the whole system of rollers 
terminated in two, which appHed the ink to the types. 
In order to obtain a great number of impressions from 

* Mr. Buckingham saw in a convent on the mountains of Lebanon, 
a printing-press and Syriac types, from which the monks produce their 
ebarch-books, quite equal to those at Rome. The press nearly resem^ 
'in shape the common printing-press used in England. It it 



there considered a mystery, as " they had never yet had an European 

'ho had ever seen the mechanical operation of printing Ip Ba- 

Other monks in the same convent were employed mINKT- 



here, who had ever seen the mechanical operation of printing Ip Ba- 
raf»e.'* Other monks in the s 
ing, masonry, carpentr}', &c. 
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the same fbrm, a paper cylinder (t. e. the cylinder on 
which the paper is TVTappedj was placed on each side 
the iukincr apparanis, the form ]>assing under both. 
This machine protUiced 1,100 impressions per hour; 
subsequent improvements raised them to 1,800 per hour. 
The next machine, also by Mr. Koenig, was for 
printing both sides of the sheet," by conveying the rfieet 
from one paper cyHnder to the other. Tfhis vraH made 
in IS 15, and printed 750 sheets on both sides per houi'. 
In the same year Mr. Cowper obtained a patent for 
curvinff stereotype plates, for fixing them on a cyUn- 
der. Several of these machines, ca|)able of printing 
1,000 sheets per hoiu* on both sides, are at work at the 
present day ; and twelve machines on this principle 
were made for tlie Bank of England, a short time pre- 
vious to the recent issue of gold. T.'hese machines, 
though only adapted for stefeinype printing, first show- 
ed the best method of furnishing, distributing, and ap* 
plying the ink by rollers. 

Messrs. Applegath and Co^vper have, however, by 
their conjoint ingt^nuit>-, superseded Mf. Koenig's in- 
ventions, and constructed upwards of 60 machines, mo- 
dified in twenty-five ditferent ways, for printing book^ 
bank-notes, newspapers, &c.: iJieir greatest success 
has been in printing newspapers. In the Times 
machine, which was planned by Mr. Applegath, the 
form passes under four printing cylinders, which are 
ted with sheets of paper by four lads, and after the 
sheets are printed, they pass into the hands of four 
other lads ; by this contrivance 4,000 sheets per hour 
are printed on one side. 

The comparative produce of the above machines ia 
as follows : — 

ii9tan)iope prtss ... 250 impressions per hour. 

Koenig*a machine ... i,S00 1. e. 900 on botli mitt 

Cowper's (8tereot>'p©) - - 2,400 ». e. 1,200 ditto. 

AaplegaUi and Cov^-pees (book) 2,000 1. e. 1,000 ditto. 

Dnto (newspaper) Chronicle - 2,000 
Herald . 2,400 
Times - 4,000-^ per minute 
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V 

We have principally abridged these fiicts and data 
Grom a Taluable paper communicated by Mr. Cowper, 
one of the inventors, to the Royal Institution, and sub- 
sequently to the Quarfer/y Journal of Sdence^ in the 
year 1828. 

The machine for printing the ^Uas newspaper, (each 
copy of which, in some cases, has contained 40 feet of 
printed superficies) consists of two larger and two lesser 
eyiinders, put in motion by a steam-engine of 4-horse 
power, managed by three boys, whose only task is to 
present the end of the enormous blank sheet to the 
first cylinder, and to receive it, in a few seconds, printed 
on both sides, as it is discharged by the last cylinder. 

Why win some machines produce paper of ind^Ue 
length^ 

Because in them the pulp is delivered fix)m the 
trough to an endless web of wire, passing over cylin- 
ders, which are turned by steam, or any other prime 
mover. From the wire web it passes between two roll- 
ers to an endless web of felt, which passes over other 
cylinders, and between two other heavy rollers, for the 
expression of the water ; the paper is thence wound 
upon a reel, and when a sufficient quantity is received 
on it, the paper is cut off, and removed to the drying- 
house. At White Hall Mill, in Derbyshire, a sheet of 
paper was lately manufactured which measured 13,800 
feet in length, 4 feet in width, and would cover an acre 
and a half of ground. 

Why does heatinsc books wiih a ?iammer cause the 
printing to " set ofT^ on the opposite page ? 

Because the blows suddenly compress the air be- 
tween the leaves, and create heat which disturbs the 
ink. 

Why has pressing been aavantageously substituted fot 
UUs heating f 

Because it renders the books extremely compact 
and solid, by passing tlie sheets, when folded, between 
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ft fittar of |M>w««ftil rollers ^J which much time is saTed, 
tW mMv i» luade a^uioother, and the Gompreflsioii, 
iIkhiieIi m«i^r« does not disturb the ink. A rolled 
b^ok wiU thi» be redueetl to about five-sixths of tbe 
thk'iuecji» ol' the ^aiiie Uxkk, if beaten : a shel^ there- 
l^dn\ that will hold lith* books beaten iii the usual 
iuaiUK4r« wUl hold nearly sixty of such, if rolled.-- 

Iffy ore Amrt^ skwrpemed 6y being drawn between iao 
bmfitmhit roUers^ 09 m ^ike paieni knife-sharDenerf" 

Itocftu^ the rollers re\-olve freely upon tlieir aids; 
and at unifonu dviitanoes are fixed* narrow cylinders, 
or rinfa of ^^ei tlie tnlges of which are finely cut 
with Iw teethe tonaiu^ thereby circular files ; the edges 
of the!$e tiles overlap or intersect each other a litde, so 
that when a knife is drawn between them, it operates 
on both siiies of the ed^' at once ; and as the rollers 
turn round at the slij^hwst impulse, the peripheries of 
the circular tiles ^t uuUonidy worn, and consequently 
will last a loi^ tiiue. 

t^'k^ Joes the tnms^rmi dial of St, 0168*8 churchf 
Lomion^ %M itsfftf unth srtts as 8oon as the sun seta at 
Hifi^ht^ antipftti oitt the light when the sun rises in the 
morning f 

Because a wheel is connected with the clock, which 
makes but one revolution in twentj'-four hours ; and 
on this is ulaceti a series of pins, wluch, by their revo- 
lution with the wheel, tend to raise a lever coimected 
both witli a pis>cook and a movable screen. The 
gas which illuminates the dial is burning at all times, 
but the consiunption during the day is comparatively 
small, as the lever opens and sliuts the aperture by the 
motion of tlie large wheel ; so that a person in the im- 
mediate neighbourhood of tlio clock would see htde 
more than a fiiint indication of flame during the day 
light ; but at evening the lever opens the aperture to 
its full size, and lets forth a brilliant flame. The 
movable screen completely ruts off any portion of light 
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which miffht otherwise pass from the partially closed 
burner. — Mr. C. F, Partvngton^in the Mas JStewapaper, 

ffhf are the faces of many imv pvblk clocks made of 
stone instead of metal f 

Because stone being an absorbent, and not so good 
a conductor of heat as metal, the paint adheres tStter 
and lasts longer, and does not require to be renewed 
so often as on the copper dial. Another advantage of 
the stone dial is, that the centre can be sunk, and the 
hour hand made to traverse in the anking. This en- 
ables the minute-liand to be close to the figures, and 
then almost all error from the effect of parallax is 
avoided, which in the copper dial is very considerable ; 
especially when the minute-hand points at or near 15 
and 45 minutes, and the hands are both above the 
diaL In the stone dials of Chelsea new church, and 
the Royal Mews, Pimlico, the figures are cut in the 
stone, and sunk about the eighth of an inch, after the 
manner of the Egyptian monuments, from which was 
derived the idea. By this method, supposing the dial 
accurately divided, and the figures well shaped in the 
first instancy, they will always remain so. — Mec, Mag. 

The originator of this improvement is Mr. VuUiamy, 
the eminent horologist. 

Why is the Diorama so caUed7 

Because of its origm from the Greek, signifying two 
views, of which this exhibition consists. These pic- 
tures are painted in soHd, and in transparency, arran- 
ged and lighted in a peculiar manner, so as to exhibit 
changes of light and shade,- and a variety of natural 
phenomena. The means by which these changes are 
effected, may be explained as follows : — The contri- 
vance is partly optical, partly mechanical ; and con- 
sists in placing the pictures within a building so con- 
structed, that the saloon containing the spectators may 
revolve at intervals, for the purpose of bringing in 
succession two distinct pictures into the field of view, 
without the necessity of the spectators removing from 
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their seals ; while the scenery itself feilfiias stadonaiy, 
and the pictures therefore admit of an improved meth 
od of dii^butiDg light, by which they are illuminated, 
so as to produce the effects of a variable nictun. 
This is performed by meana of a number of trans- 
parent and movable blinda, some of which are placed 
behind the picture for itie purpose of intercepting 
and changing the colour of the rays of light, which 
are permitted to pass throagh the semi-trani^)areDt 
parts of the picture. Similar blinds are also situated 
above and in front of the pictures, so as to be mova- 
ble by the aid of cords, and by that means to distribute 
or direct the rays of light wWch are permitted to fall 
upon the front of the soene. 

The extent of revolving motion given to the saloon, 
is an arc of about 73"^ ; and during the time that the 
audience is thus passing round, no person is permitted 
to go in or out The revolution of the saloon is effec- 
ted by means of a sector, or portion of a wheel, having 
teeth formed upon its edge ; these work in a series of 
wheels and pinions, so that one man placed at a winch 
is enabled to rive motion to the whole. 

The space between the saloon and each of the two 
pictures is occupied on either side by a partition, form- 
mg a kind of avenue, proportioned in width to the 
size of the picture ; without such a precaution, the 
eye of the spectator being thirty or forty feet distant 
firom the canvass, would, by any thing intervening, be 
estranged from the object The views are eighty-six 
feet in length and forty-five feet in height — y^Uas, 
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INTRODUCTORY. 

Why have commerce and the arts an indirect ir^u- 
ence upon indwdryf 

Because it signifies nothing as to the main purposes 
of trade, how superfluous the articles which it furnishes 
are ; — ^whether the want of them be real or imaginary : 
— ^whether it be founded in nature or in opinion, in 
fiisbion, habit, or emulation ; — it is enough that they 
be actually desired and sought after. Flourishing 
cities are raised and supported by trading in tobacco ; 
populous towns subsist by the manufactory of nbtu4«U. 
A watch may be a very unnecessary appendage to the 
dress of a peasant, yet if the peasant will till the ground 
in order to obtain the watch, the true design of trade 
is answered ; and the watchmaker, while he polishes 
the case, or files the wheel of his machine, is con- 
tributing to the production of com as effectually, 
though not so directly, as if he handled the dpade or 
held the plouj^h. Tobacco is an acknowledged super- 
fluity, and a^rds a remarkable instance of Sie caprice 
of human appetite ; yet, if the fisherman will ply his 
net, or the mariner fetch riccv from other countries, in 
order to procure to himself this indulgence, the market 
is supplied with two important articles of provision, 
by the instrumentality of a merchandise which has no 
other apparent use than the gratification of a vitiated 
palate.* — Paley. 

* We should here remark however, that where false refinement, 
or a corrupted taste, engages that time and ingenuity of the laborer or 
the artist, which miffht otherwise have produced articles that con- 
tribute to ration^ enjoyment, it is an evident misapplication of indus- 

b2 
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ffhy does commerce at the same time svpply an end- 
less vcaiety of new prodtutionSf and mtUHp/^ and cheap- 
en those that are pecidiar to every cowitrvf 

Because it enables each separate people to employ 
themselves in preference in those departments in which 
they enjoy some natural or acquired advantage, while 
it opens the markets of the world to their productions. 
When the demand for a commodity is confined to a 
particular country, as soon as it is supplied, improve- 
ment is at a stand. The subdivision and combbation 
of employments are, in fact, always dependent upon, 
and regulated by, the extent of the market Dr. Smith 
has shown, that by making a proper distribution of 
labour among ten workmen, in a pin manufactory, 
48,000 pins might be produced in a day; and since 
his time the number has been nearly doubled. 

Before pins were manufactured in England, £60,000 
annually is said to have been paid for them to for- 
eigners in the early years of Queen Elizabeth ; but, 
long before the end of her reign, they were manufac- 
tured in this country in great quantities. 

The subdivision of the mechanism of a watch into 
150 branches has already been cursorily mentioned.* 
The fifteen principal branches are : 1. The movement 
maker, who divides it into various branches ; viz. piUar- 
maker, stop stud-maker, frame-mounter, screw-maker, 
cock and potence-maker, verge-maker, pinion-maker, 
balance-wheel-maker, wheel-cutter, fiisee-maker, and 
other small branches. 2. Dial-makor; who employs 
a copper-maker, an enameller, painter, &c. 3. Case- 
maker; who makes the case to the frame, employs 
box-maker, outside case-maker, and joint-finishers. 
4. Pendant-maker; (both case and pendant are s^t 
to the Goldsmiths' Hall to be marked.) 5. Secret- 
springer and spring-liner; the spring and liner are 
divided into other oranches; vi^. the spring-maker, 

* See Domestic Science page 71. 
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button-maker, &c. 6. Cap-maker, who employs 
the springei^ &c. 7. Jeweller, which comprises the 
diamond'Ciitting, settiDe:, making ruby-holes, &c. 
^. Motion-maker, and other branches, viz. slide-maker, 
edge-maker, and bolt-maker. 9. Spring-maker, (i. e. 
hoain-spring) consisting of ^ire-drawer, &c. ham- 
merer, polisher, and temperer. 10. Chain-maker; 
this comprises several branches, wire-drawer, link- 
maker and rivetter, hook-maker, &c. 11. Engraver; 
who also employs a piercer and name-cutter. 12. Fi- 
nisher, who employs a wheel and fusee-cutter, and 
other workers in smaller branches. 13. Gilder is di- 
vided into two, viz. gilder and brusher. 14. Glass 
and hands; the glass employs two, viz. blower and 
maker : hand-maker employs die-sinker, finisher, &c. 
15. Fitter-in, who overlooks the whole, fits hands on, 
&c. The above fifteen branches are subdivided again 
•and again. 

The manufacture of watch-springs also affords an 
instance of an article raised in price from one half- 
penny to the amount of 35,000 guineas. Thus, a 
pound of crude iron costs one halfpenny ; it is con- 
verted into steel, that steel into watch-springs, every 
one of which is sold for half-a-guinea, and weighs 
only one-tenth of a grain. Afler deducting for wast^i, 
there are, in a pound weight, 7,000 grains ; it there- 
fore affords steel for 70,000 watch-springs, the value of 
which, at half-a-guinea each, is 35,000 guineas. 

ffhy may our cotton manufacture be considered en- 
tirely the result of commerce ? 

Because, had cotton-wool been a native production, 
we could never have made such astonishing advances 
in the manufacture had we been denied access to 
foreign markets. Notwithstan^g the splendid dis- 
coveries in the machinery, and the perfection to whi.'.h 
every department of the trade has been brought, the 
vast extent of tha market has prevented its being 
glutted ; and has stimulated our manufacturers in their 
67* 
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improvements. Oinr cotton-mills have been coDfltraclr 
ed, not that they might supply the limited demand of 
Great l^tain, but that they mi^t supply the demand 
of the whole world. The sul^vision of labour, and 
the scope ^ven to the employment of machinery, by 
the unlimited extent of the maritet, has reduced the 
price of cottons to less, probably, than a fourth part of 
what it would have been, had they met with no outlet 
in foreign countries.* The hardware, woollen, leather, 
and other manufactures, exhibit similar results. 

ffliy 18 gteam said to add to the power of our pojm- 
UztUmj 

Because the steam-engines in England represent 
the power of 320,000 horses, equal to 1,920,000 men ; 
and being in fact managed by only 96,000 men, they 
consequendy add to the power of our populatioD 
1,884,000 men. 

Steam navigation, a powerful aid to our commercial 
prosperity, has been thus eloquently illustrated by one 
of the most accomplished orators of our times. Steam- 
boats — " these new and wonderful machines walk the 
water, like a giant rejoicing in his course ; stemming 
alike the tempest and the tide; accelerating inter- 
course; shortening distances; creating, as it were, 
unexpected neighbourhoods, and new combinations of 
social and commercial relations; and giving to the 
fickleness of winds and the faithlessness of waves, the 
certainty and steadiness of a highway upon the land." 
— Canning '* Speeches at LiverpooL 

According to M. Dupin, the human force of Great 
Britain employed in commerce and manufactures, is 

* The price of calico 55 yean since has been found thus registered 
in a bible^in the possession of a family near Blackburn :— " 15 Sep- 
tember, 1776. Thomas Dizbury, of Rishton, near Blackburn, sold to 
Messra Peels, Yates, and Go. Church Bank, two common fine calico 
pieces for 51. 9«. 8<2. These were the first calico pieces ever manufte- 
tured in this kingdom." Pieces nf the same description art dow » 
forSf. 64. or 6«. each.—ATscAaiUM Magaxine. 
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equivalent to 4,264,000,893 effectfVe men; to tins 
power there must also be added the power of 250,000 
animals, employed in divers works of industry. These 
will raise the animate force of England and Scotland 
to 6,014,893 ; to which there must be superadded the 
^>proximating value of 1,260,604 effective men for 
Ireland: so that the commercial and manufacturing 
animate power of the United Kingdom must be com- 
puted at 7,275,497 labouring men. To this must be 
added the force supplied by water, wind, and steam : 
thus: — 

Men power. 
Animate Force . - - . . 7^5,497 
Mills and Hydraulic Engines - - 1,200,000 

WindmiUs 340,000 

Wind and Navigation .... 12,000,000 
Steam Engines ..... 6,400,000 

Total Force - - - - 27,115,497 
Ireland 1,002,667 

Total ... - 28,118,164 



In comparison vnth France, M. Dupin estimates 
these numbers as follows : — The total of the inani- 
mate force applied to the arts, of all descriptions, in 
France, scarcely exceeds the fourth of the same power 
applied to the same purposes in Great Britain ; and 
toe whole animate and inanimate power of Great 
Britain, applied to manufactures and comme^e, is 
nearly triple the amount of that so applied in France. 

JVhf is foreign trade so hen^cial to e^ich pcarty en- 
gageain it ? 

Because each enjoys the peculiar advantases of the 
respective coimtries. Thus, when we send cloth or 
hardware to Portugal for wine, or to Brazil for sugar, 
we give what is as valuable as that which we receive ; 
and yet both parties gain largely by the transaction ; 
for we get the wine and sugar for what it took to 
produce them in countries that are peculiarly fitted 
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for their growth ; and the Ifordgners are supplied with 
cloth and hardware for what those productions cost in 
a country where manufacturing industry has been car- 
ried to the highest pitch of improvement. 

M. Say, in his Economie Politique Pratijue, thus 
forcibly illustrates the effects of prohibition m trade. 
During the reign of Napoleon, vessels were despatched 
from London, l*reight(Hl with sugar, coffee, tobacco, 
cotton-twist, for Salonica, (Macedonia) whence these 
articles of merchandise were carried by beasts of bur- 
den, by the way of Ser\ia and Hungary, to Grermany 
aiul France; so that on article consumed at Calais, 
would come from England, only twenty miles distant, 
by a route which, in point of expense, would be equi- 
valent to a voyage twice round the globe. 

A^n, the histor}* of our own times affords many 
striking instances of the prohibitory effects of war upon 
national industry. In France, the ravages made by 
the wars of the revolution and of the empire upon her 
population and wealth, have been estimated, according 
to M. Dupu), at two ndlUons of men, and 600 millions 
of English money. Every succeeding year of peace, 
from 18l5 to 1830, has, however, healed these severe 
wounds ; private losses have been indemnified ; houses 
anti factories have been rebuilt ; the cattle and Hve 
stock btH^ome more numerous than before the war, and 
the }>opulation increased, in thirteen years, by two 
millions aud a half of inhabitants. As an example of 
tht^ l)eneficial effects upon maimfacturing industry ; it 
is onlv since the reestablishment of their intercourse 
with fcngland, tliat the French have begun to use pit- 
coal in their furnaces, and to substitute the instrument 
called a flattener, or laminoir, for the hammer, in 
beating iron into plates. 

Iflty are ceriain ncUural advaniages in a country pre- 
jtuHcud to its progress in the arts 7 

Because, provided the mildness of the climate reii 
ders clothing and lodging of little importance, and Vi, 
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earth spontaneously pours ibrth an abundant supply 
of fruits, the inhabitants are immersed in sloth, and 
fleem to place their highest enjoyment in heins free 
from occupation. Sir WiUiam Temple, Mr. Hume, 
and some other sagacious inquirers into the progress 
cnT society, have been struck with this circumstance, 
and have justly remarked that those nations that have 
laboured under the greatest natural disadvantages, 
have made the most rapid advances in industry. A 
striking illustration of the above &ct follows. 

Whf has the imvrovement of the natives of South 
America been so tardy ? 

Because of the extraordinary abundance of animal 
food, and the equal fertility of the country, where the 
finest frifits grow spontaneously, and only require to 
be gathered. Thus, the South Americans are neither 
a pastoral nor an agricultural people ; and, surrounded 
b^ partial civilisation, tiiey remain without any ex- 
citement to labour, which alone could unprove their 
moral and physical condition. Humboldt has thus 
beautifully described the dtate of primitive rudeness 
in which many of the tribes of South America remain : 
** When we attentively examine this wild part of Ame- 
rica, we appear to be carried back to the first ages, 
when the earth was peopled step by step; we seem to 
assist at the birth of human societies. In the Old 
World we behold the pastoral life prepare a people of 
huntsmen for the agricultural life. In the New World 
we look in vain for these progressive developements of 
civilisation — these moments of repose — ^these resting- 
places in the Ufe of a people. The luxury of vege- 
tation embarrasses the Indian in the chase. As 3ie 
livers are like arms of the sea, the depth of the water, 
for many months, prevents their fishing. Those species 
of niminatinff animals, which constitute the riches of 
the people of the Old World, are wanting in the New. 
The bison and the musk-ox have not yet been reduced 
to the domestic state ; the enormous multiplication of 
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the lama and the guanaco have not produced in the 
natives habits of pastoral life." 

fVhy has the coin of a kingdom been compartd to the 
hiffhways throueh it ? 

Because neitner of them produce any thing; on the 
contrary, they are both to be kept in repair at a certain 
expense; but they greatly facilitate the conveyance 
from one place to another, of vsrhatever the land pro- 
duces by agriculture, or vsrhat active capital produces 
by manufactures and commerce. Such is the idea of 
Dr. Adam Smith, who also compares paper-money to 
a wagon- way through the air. 

Why are we indebted to the ignorancr and had govern- 
ment of our ancestors for our present comparqjdve fad- 
lity oj procuring subsistence ? 

Because, had it been otherwise, the population that 
would have accumulated since the reign of William 
the Conqueror, must have overflowed, like the swarm- 
ing of the northern hives during the fell of the Roman 
empire. An entertaining writer says : " If all the Turks 
and Egyptians that are to die next year of the plague, 
were to be devoured during the present by crococmes, 
a certain quantity of food would be gainecl, and things 
go on just as before. The Roman empire, and the 
world generally, would have been equally populous 
and prosperous, if the Huns and Ostrogoths had eaten 
each other, instead of strewing their hones and those 
of their antagonists through tne wilds of Dacia and 
along the banks of the Danube." 

fVhy is it an error to consider Apothecaries'* pn^ 
uncommonly extravagant ? 

Because this great apparent profit is frequently no 
more than the wages or labour. The skill of an apo- 
thecary is a much nicer and more delicate matter than 
that of any artificer whatever ; and the tnist which is 
reposed in him, is of much greater importance. He is 
the physician of the poor in all cases, and of the rich, 
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where the distress or danger is not very great. His 
reward, therefore, ought to be suitable to his skill and 
his trust, and it arises genersdly from the price at which 
he sells his drugs. But the whole drugs which the 
best employed apothecary in a large market-town will 
«el] in a year, may not, perhaps, cost him above thirty 
or forty pounds. Though he should sell them, there- 
fere, for three or four hundred, or at a thousand per 
•cent, profit, this may frequently be no more tlian the 
reasonable wages of his labour, charged, in the only 
way in which he can charge them, upon the price of 
his drugs : the greater part of the apparent profit is 
real wages disguised in the garb of profit. — Dr. Mam 
Smith's Wealth of JSTations. 

WEIGHTS AND MEASURES. 

ffhy do we use the grain weight 9 

Because all weights and measures in England were 
•originally derived from a grain of wheat: vide statutes 
51 Hen. III. 31 Ed. 1. 12 Hen. VII. which enacted 
that 32 of them, well dried and gathered fix)m the 
middle of the ear, were to make one penny- weight ; 
/ but it was subsequently thought better to divide the 
dwt. into twenty-four equal parts, called grains. All 
measures of capacity, both Uquid and dry, were at first 
taken from troy- weight ; and laws were passed in the 
reign of Henry III. enacting that 81b. troy of wheat 
taken from the middle of the ear, and well dried, 
should make one gallon of wine measure. Weights 
and measures were invented 869, B. C; fixed to a 
standard in England, 1257; regulated, 1492; equal- 
ized, 1826. 

fFky has the pendulum been resorted to in regulating 
modem weights and measures ? 

Because it has enabled us practically to carry into 
effect the idea of seeking for a unit of measure in some 
anchangCAble natural object ; the great law of the pen- 
dulum being, that its oscillations are always performed 
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elk or yards of the reigns of Henry VII. and Elizabeth, 
kept at the Exchequer. In 1758, an exact copy was 
made of the Royal Society's yard ; and this copy hav- 
ing been examined by a Committee of the House of 
Commons, and reported by them to be equal to the 
standard jrard, it was marked as such: this identi- 
cal yard is declared, by the Act 5 Geo. IV. cap. 74, to 
be the standard of lineal measure in Great Britain. 

Without entering into standards of an abstract kind, 
we may here observe, that " a real material measure 
must be constructed, and exact copies of it taken. The 
sreat difficulty is, however, to preserve it unaltered 
firom age to age ; for unless we transmit to posterity the 
units of our measurements, siich as we have ourselves 
used thern, we, in fact, only half bequeath to them our 
observations." Mr. J. F. Herschel thinks this point 
much nedected, and suggests that *' accurate and per- 
ficUy aumentic copies of the yard and pound, executed 
m platinum, and hermetically sealed in glass, should be 
deposited deep in the interior of the massive stone- work 
of some great public building, whence they could only 
be rescued with a degree of difficulty sufficient to pre- 
clude their being disturbed, unless on some very high 
and urgent occasion. The fact should be publicly re- 
corded, and its memory preserved by an inscription. 
Indeed!, how much valuable and useful information of 
the actual existing state of arts and knowledge at any 
period might be transmitted to posterity in a distinct 
form, if, instead of the absurd and useless deposition 
of a few coins and medals und^r the foundations of 
buildings, specimens of ingenious implements, or con- 
densed statements of scientific truths, or processes in 
arts and manufactures were substituted." 

MONET. 

JVhf is the term standard usedf 

Be^uiae it may designate the purity and weight of 
Mns; that is, the fineness of the metal of which they 
are niadei and the ijoantity of it contained in them. 
68 
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were called Easterlings ; and soon afler some of these 
people, skilled in coining, were sent for to London, to 
bring the coin to perfection, which was soon called 
Sterling, from Easterling. 

Money, as a medium of commerce, is first mentioned 
in Grenesis, chap, xxiii., when Abraham purchased a 
field as a sepulchre for Sarah, in the year of the world, 
2139 : money was first made at Argos, 894 years B.C. ; 
has increased eighteen times in value from 1290 to 
1530; and twelve times in value fi'om 1530 to 1789. 
Silver has increased thirty times its value since the 
Norman Conquest ; viz. a pound in that age was three 
times the quantity it is at present, and ten times its 
value in purchasing any commodity. 

Why is tnoney also called coin and cash'^ 

Because coin (cuna pecunia,) firom the French coign, 
i. e. anguluSf a comer, whence it is supposed that the 
most ancient coin was square.<« Cash is from the French 
term caisse, i.e. chest or coffin, for the keepingof money. 

'the coining-press was introduced into England in 
1562; and machinery for coining by Boulton and Watt, 
at Soho, near Birmingham, about me year 1800. The 
coining-press of the Koyal Mint has already been no- 
ticed.* 

Wiy is there aUoy in coiiM*- .^^a 

Because it may save the trouble fflra expense that 
would be incurred in refiiiiffthe metals to their high- 
est degree of purity ; and because, when its quantity is 
small, it renders the coins harder, and less hable to be 
worn or rubbed. 

. Whf is there a cross and pile side of a coin ? 

Because Constantiue, with rehgious zeal, put a cross 
in place of the beast (to be explained) ; and in the old ; 
€raulish language, a ship was called pile : hence also 
the game of cross and pile, and the word pHot J 

* See Mechanics, p. 97 
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ugned by the word Pecus, as being the most prized 
commodities ; whence money came to be afterwards 
called Pecunia, in Latin, — and hence the English word 
pecuniary. 

ffhy ia the guinea so called^ 

Because the gold with which it was first coined in 
the rei^ of Charles II. was brought fi'om Guinea. 
For this reason also, the guinea originally bore the 
impression of an elephant 

The term sovereign is not new in our coinage : in 
the time of Edward VI. there were both sovereigns, 
and half-sovereigns, and nobles, as appropriate attend- 
ants on the sovereign. 

Why is the shilling so caUed9 

Because of its corruption from the word scyUing, the 
etymology of which would lead us to suppose it to 
have been a certain quantity of uncoined silver ; for, 
whether we derive it from sceylan, to divide, or sceale, 
a scale, the idea presented to us by either word is the 
same — that is, so much silver cut off, as in China, and 
weighing so much. — Tumer^s Anglo-Saxons. 

Why toere groats first coined'} 

Because, in the Saxon time, we had no silver money 
bigger than a penny, nor after the Conquest, till Ed- ♦ 
wan] III., who, about the year 1351, coined grosses, 
(groats, or great pieces,) which passed for fourpence ; 
so the matter stood till the reign of Henry VII., who, 
in 1504, first corned shillings. 

Why is the penny so called f / 

Because of its derivation from the Latin pecunia, / 
money. Until the time of Edward I. the penny was 
struck with a cross, so deeply indented in it, that it 
might easily be broken, and parted on occasion, into 
two parts, thence called half-pennies; or into four, 
thence called four-things j or farthings. But that prince 
coined it without indenture, in lieu of which he first 
iitnick round halfpence and farthings. 
63* 
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Why was the hanking system firti mbrodueed inio 
Kngland^ 

Because, in the turbulent times of the Common- 
wealth, the merchants and tradesmen, who had before 
trusted their cash to their servants and apprentices, 
found that no longer safe ; neither durst thejr leave it 
in the Mint, by reason of the distress of majes^ itself^* 
although this was before a pubUc deposit. In the year 
1645, they first placed their cash in the hands of gold- 
smiths, who began to exercise both professions. We 
quote these facts from Pennant, who states the first 
regular banker to have been Mr. Francis Child, gold- 
smith, who began business soon after the restoration ; 
but Granger mentions Mr. Child as successor to the 
shop of Alderman Backwel, a banker, in the time of 
Charles II., who was ruined by the shutting up gf the 
Exchequer, in 1672: he hved in Fleet-street, near 
Temple Bar, where the banking business of the Childs 
is conducted to this day. 

About fifty years after the above, in 1720, the credit 
of Bankers was much injured by wnal has been in our 
times called a panic, or run. Swift turned their tribu- 
lation to humorous account. Thus, in some lines of 
the above date : — 

" The multitude's capricious pranks 

Are said to represent the seas ; 
Which brealsing Bankers and the Banks, 
Remove their own where'er they please. 
**«*♦* 
No money left for squand'ring heirs! 
Bills turn the lenders into debtors : 
The wish of Nero now is theirs, 
That tliey had never known their letters.'* 

Rymer mentions the draft and cheque. The money 
changers of Scripture, the Trapizseta of the Greek% 
and the Argentani, or Nummularii of the Romans, m 
illustrate the high antiquity of banking. 

Why is the Bank of England an important aegunci 
of the Government of Great Britain^ 

Because it receives the taxes, pays the taxes, pays 
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the interest of the public debt, and conducts the various 
other pecuniary transactions of the exchequer. For 
^lese services the bank receives a per centage,or com^ 
misraon, which amounts annually to about 260,000^. 
to which must be added the profit derived from the 
use of a floating balance due to the public, never less 
in amount than four millions sterling. This balance, 
employed in discounting mercantile bills at the rate 
of four per cent yields a revenue of 160,000?* per 
annum, which beinff added to the commission of 
260,000^ gives a tot^ of 420,0002. as the profit which 
the proprietors of bank stock derive every year fix)m the 
connexion subsistmg between that establishment and 
die Treasury. — Quarterlv Revieto^ Ab. 86, 

The Bank of England was first established in 1694: 
Its projector was one Paterson, born in Dumfiieshire, 
and said to have died of grief, occasioned by the in- 
gratitude with which he was treated by the world* 

Why were the labours of the alckemists ben^icial to 
mankinds 

Because, however great their follies, their researches 
were instrumental in promoting the progress of che- 
mical discovery. Hence, in particular^ metallic phar* 
macy derived its oingin. Mr. Herschel justly observes, . 
^ among the alchemists were men of superior minds, r* 
who reasoned while they worked, and who, not con- 
tent to grope always in the dark, and blunder on their 
object, sought carefuUy in the observed nature of their 
agents for guides in their pursuits." 

Why is mercury used in amalgams'} 

Because, being habitually fiuid, it readily combines 
with most of the metals. When these metallic mix- 
tuies contain a sufiicient quantity of mercury to ren- 
der them soft at a mean temperature, they are called 
wma!^atns» 

A work on metallurgy, and the use of quicksilver in 
refining gold and silver, was written by Alonzo Barba, 
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was entitled to a draught of every kind of liquor that 
was brought into the hail. 

fFhy were beUows first invented f 

Because they might imitate the action of the lungs 
and a hollow reed placed in the mouth of the blower, 
the latter being the first instrument employed for 
blowing a fire. Our common bellows appear to have 
been known to the ancient Greeks, and Roman lamps 
have been found in tlie form of bellows. 

JVhy 18 it to he rep'eUed that we know but little of 
the ancient construction of heUows ? 

Because more information on this subject would en- 
large the knowledge we possess of the metallurgy of 
the ancients. 

Strabo tells us, on the authority of an old historian, 
that Anacharsis the Scythian philosopher, invented 
the bellows, the anchor, and the potter's wheel ; but 
this seems doubtful, as Pliny, Seneca, Diogenes, 
Laerdus, and Suidas, only attribute the two last to 
him ; and Strabo also remarks, that the potter's wheel 
is mentioned bv Homer, who lived prior to the time of 
Anacharsis. It is, therefore, probable that the latter 
became acquainted with the invention on his travels, 
and having made it known to his countrymen, was 
looked upon as the inventor. — Beckmann. 

Why are forge-bellows constructed with three boards ? 

Because they are required to keep up a constant and 
unremitting stream of air through the fuel, to keep it 
in vivid combustion. Thus, the centre board is fixed, 
and furnished with a valve opening upwards, the 
lower board being movable witli a valve also opening 
upwards, and the upper board being under a condnual 
pressure by weights acting upon it. When the lower 
tx>ard is let down, so that the chamber between it and 
the middle board is enlarged, the air included between 
these boards being rarefied, the external pressure in 
the atmosphere will open tlie valve in the lower boardp 
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and the chamber between the lower and the middle 
boards will be filled with air in its common state. 
The lower board is now raised by the power which 
works the bellows, and the air between it and the 
middle board is condensed. It cannot escape through 
the lower valve, because it opens upwaros. It acts 
tlieretere, with a pressure proportional to the working 
power on the valve in the middle board, and it forces 
open this valve, which opens upwards. The air is 
thus driven from between the lower and middle boards 
into the chamber between the middle and upper 
boards. It cannot return from this chamber, because 
the valve in the middle board opens upwards. The 
upper board bein^ loaded with weights, it will be con- 
densed while included in this chamber, and will issue 
from the nozzle with a force proportionate to the 
weights. While the air is thus rushing fit)m the 
nozzle, the lower board is let down and again drawn 
up, and a fresh supply of air is brought into the 
chamber between the upper and middle board. This 
air is introduced between the middle and upper board 
before the former supply has been exhausted, and by 
working the bellows, with suffi' *ent speed, a large 
quantity of air will be collected in tne upper chamber, 
so that the weights on the upper board will force a 
continual stream of air through the nozzle. — JLoardntT, 

There are usually two blast-holes to conduct the 
stream of air from the bellows to the laboratory of the 
furnace, placed on opposite sides, but so an^ed that 
the streams do not impinge on each other. The bel- 
lows are commonly cylindrical, and their pistons are 
worked by a steam-engine. 

Why are these heUotvs stiperior to the htmse-beUows^ 

Because the latter are constructed only with two 
boards, and have thus only an intermitting action, or 
blow by fits, the action being suspended while the 
upper board is being raised. 

ff%/ are German bellows vuxdt of wood superior to 
those %n common use ? 
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Because the effect produced by them issti'onger and 
more uniform, and they last longer. Some idea may 
be formed of this contrivance from the following 
sketch. The entire machine is composed of two 
boxes placed over each other, the uppermost of which 
can be moved up and down, in the manner of a Ud 
with a hinge ; but the sides of the upper box are suf- 
ficiently large to contain the lower between them, 
when raised to its greatest extent. Both are fastened 
together at the smallest extremity, where the pipe is 
inserted bv a strong iron bolt. Thus, when the boxes 
fit each otner with exactness, and the upper is raised 
orer the under, which is immovable, the space con- 
tamed within both will be increased: consequently, 
more air will rush in through the valve in the bottom 
of the lower one ; and when the upper box is again 
pressed down, this air will be expellea forcibly through 
the pipe. The only difficulty is to prevent any portion 
of the air from escaping at any other part of the ma- 
chine than the orifice of the pipe ; and this is obviated 
by the simple contrivance of placing movable slips of 
wood at the inner sides of the uppermost box, which, 
by means of metal springs are pressed to the sides of 
the lower box, and fiU up the intervening space. 

IRON. 

Why 18 ihe use of iron believed to have been known 
in the earliest ages f 

Because of its Sequent mention in the bible : 
thus, Tubal Cain, who lived nearly 4,000 years before 
the commencement of the Chnstian era, was "an 
instructer of every artificer in brass and iron." (Gen.iv. 
22.) and we read that Abraham took a knife to slay 
his son Isaac. (Gren. xxii. 10.) In these early times 
too, mention is made of shears and of shearing of 
sheep. (Gen. xxxviii. 12, 13.) 

Why is iMs knoukdge supposed to have been afits^ 
wards lost ^ 
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Because many of the ancient nations used stones, 
flints, the horns and bones of various animals, the 
bones and shells of fish, reeds and thoma, for every 
purpose in which the modems now use edge tools of 
uron and steeL 

Chronology informs us, iron was first discoyered by 
the burning of Mount Ida, 1406 B.C. In Engknd 
by the Romans, soon after the landingof Csesar : first 
discovered in America, in Virginia, 1715 : funt cast io 
England, at Blackstead, Sussex, 1544. 

ffhf iDos tnm, of oik period forbidden to he uttd hf 
the Romans^ except in agrictdiure $ 

Because they thought iron poisonous, and that 
wounds made with iron instruments healed with diffi- 
culty. Chemistry has, however, exposed this fellacy. 
Fourcroy says iron is the only metal which is not 
noxious, and whose effects are not to be feared. In- 
deed, its effects on the animal economy are evidently 
beneficial. 

ffky is iron the most usefuL of metals ? 

Because it becomes softer by heat, and has the ca- 
pability of being welded to another piece ofiron, so as to 
form one entire mass : and this may be done without 
rivets, solder, or melting either of the pieces. No other 
metal possesses this singular property, except pla- 
tinum. 

An iron wire only one-tenth of an inch in diameter, 
will carry 450 pounds without breaking. A wire of 
tempered steel of the same size will carry nearly 900 
pounds. — Black. 

Why has the iron trade of Great Britain inereased so 
extraordinarHy since the year 1750 ? 

Because then pit-coal began to be generally used for 
extracting cast iron from its ores. In 1740; England 
and Sco&nd did not possess more than 59 furnaces, 
producing 17,000 tons; whereas in 18X7, they bad 
uicreased to 284 furnaces, producing 090,000 tons. A 
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writer in a French Journal, therefore, describes pit- 
coal as ^ the prime element of the manufactures and 
the wealth of England." The mean annual amount 
of the exportation of iron and steel from this country, 
In bBOB and wrought works, is from 1,200,000^ to 
1,5(X),0002. The annual quantity of iron manufac- 
tured in Great Britain is 690,000 tons. 

In the creat iron works, the ore, broken into small 
pieces^ and mixed with lime or some other substcince 
to promols its fusion, is thrown into the furnace ; and 
iMuskets 4f charcoal or coke, in due proportion, are 
thrown in along with it. A part of the bottom of 
the furnace is fiBed with fiiel only. This being kin- 
dled, the blast of the great bellows is directed on it, 
and soon raises the whole to a most intense heat: 
this melts the ore immediately above it, and the re- 
duced metal drops down through the fuel and collects 
at the bottom. The rest sinks down to fill up the void 
left by the consumed fuel, and this, in its turn, comes 
next in the way of the bellows, and is also reduced. 
More ore and fuel are supplied above, and the opera- 
tion ^oes on till the melted metal at the bottom, in- 
creasmg in quantity, rises almost to the aperture of 
the blast ; it is let out by piercing a hole in tie side of 
the furnace, and then forms what are called pigs of 
cast iron. — Parkes. 

The Butterley iron-works are amongst the most im- 
portant in this country. Here are three furnaces, each 
capable of producing thirty-five tons of pig iron, or 
crude cast iron, per week. The blast furnaces are 
about forty feet high, and about thirteen in the largest 
diameter. When charged, they contain about 3,500 
cubic feet of iron stone, coke, and lime-stone, which 
produce one ton of melting iron. When heated, they 
are kept in a state of intense heat for many months or 
years, without intermission, and are constantly sup- 
plied at die tops with materials. Blast cylinders, 
worked by a steam-engine of SO-horse power, continu- 
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Jflty is not the value of money the same in aU coun- 
tries^ 

Because the use of coined money does not change 
the principle on which exchanges were conducted pre- 
viously to its introduction. The coinage saves the trou- 
ble of weighing and assaying gold and silver, but it 
does nothing more. It declares the weight and purity 
of metal in a coin ; but the value of that metal or coin 
is, in all cases, determined by those principles which 
determine the value of other things, and would be as 
little affected by being recoined with a new denomina- 
tion, as the burden of a ship by a change of name. 
Money is, indeed, as much a commodity, as bars of 
iron or copper, sacks of wheat, &c. 

Why do toe use the term a pound'? 

Because, originally, the coins of all countries seem 
to have had the same denomination as the weights 
commonly used in them, and contained the exact 
quantity of the precious metals indicated by their names. 
Thus, the talejit was a weight used in the earliest pe- 
riod, by the Greeks ; the cw, or povidoy by the Romans ; 
the pound by the English ana Scotch ; and the limy 
by the French: and the coins originally in use in 
Greece, Italy, and France, bore the same names, and 
weighed precisely a talent, a pondo, a livre, and a 
pound. 

The metal which our ancestors used as their medium 
of exchange, they firet divided by pounds, which word 
still remains among us to siCTiify twenty shillings ; this 
being about the just value that so much copper bore in 
those days. This was called as in Latin, whicfi, ac- 
cording to Varro, is derived from (Bs, signifying copper. 
They used it first in bullion, unmarked--but to save 
the trouble of weighing this pound, or the lesser parts 
of it, and to give it a readier currency, they stamped 
upon one side the figure of a ship, as an emblem of 
commerce, with the weight and value ; and on the re- 
verse, the picture of one of those beasts which are de- 
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BigDed bjr the word Pecus, as being the most prized 
commodities ; whence money came to be aflerwards 
called Ptcunioy in Latin, — and hence the Enghsh word 
pecuniary. 

Why is the guinea so ccdledf 

Because the gold with which it was first coined in 
the reign of Charles II. was brought from Guinea. 
For this reason also, the guinea originally bore the 
impression of an elephant. 

The term sovereign is not new in our coinage : in 
the time of Edward VI. there were both sovereigns, 
and half-sovereigns, and nobles, as appropriate attend^ 
ants on the sovereign. 

Why is the shilling so called^ 

Because of its corruption from the word scyUing, the 
etymology of which would lead us to suppose it to 
have been a certain quantity of uncoined silver ; for, 
whether we derive it from sceylan, to divide, or scecde, 
a scale, the idea presented to us by either word is the 
same — ^that is, so much silver cut off, as in China, and 
weighing so much. — Tumer^s Anglo-Saxons, 

Why toere groats first coined 9 

Because, in the Saxon time, we had no silver money 
bigger than a penny, nor after the Conquest, till Ed- 
ward III., who, about the year 1351, coined grosses, 
(groats, or great pieces,) which passed for fourpence ; 
so the matter stood till the reign of Henry VIL, who, 
in 1504, first coined shillings. 

Why is the penny so caUedf ^ 

Because of its derivation from the Latin pecuniOy 
money. Until the time of Edward I. the penny was 
struck with a cross, so deeply indented in it, &at it 
might easily be broken, and parted on occasion, into 
two parts, thence called half-pennies; or into four, 
thence called four-things, or farthings. But that prince 
coined it without indenture, in lieu of which he first 
citruck round halfpence and farthings. 
63* 
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Why was Vu hanking system fint mbrodueed inio 
England f 

Because, in the turbulent times of the Common- 
wealth, the merchants and tradesmen, who had before 
trusted their cash to their servants and apprentices, 
found that no longer safe ; neither durst thejr leave it 
in the Mint, by reason of the distress of majes^ itselij* 
although this was before a pubUc deposit. In the year 
1645, they first placed their cash in the hands of gold- 
smiths, who began to exercise both professions. We 
quote these facts from Pennant, who states the 6rst 
regular banker to have been Mr. Francis Child, gold- 
smith, who began business soon after the restoration; 
but Granger mentions Mr. Child as successor to the 
shop of Alderman Backwel, a banker, in the time of 
Charles II., who was ruined by the shutting up gf the 
Exchequer, in 1672: he lived in Fleet-street, near 
Temple Bar, where the banking business of the Childs 
is conducted to this day. 

About fifty years after the above, in 1720, the credit 
of Bankers was much injured by what has been in our 
times called a panic, or run. Swift turned their tribu- 
lation to humorous account. Thus, in some lines of 
the above date : — 

" The multitude's capHcious pranks 

Are said to represent the seas ; 
Which breaking Bankers and the Banks, 
Remove their own where'er they please. 
****** 
No money left for squand'ring heirs! 
Bills turn the lenders into debtors : 
The wish of Nero now is theirs, 
That they had never known their letters." 

Rymer mentions the draft and cheque. The money 
changers of Scripture, the Trapizseta of the Greeks 
and the Argentarii, or Nummularii of the Romans, iw 
illustrate the high antiquity of banking. 

Why is the Bank of England an important adjund 
of the Government of Great Britain^ 

Because it receives the taxes, pays the taxes, pays 
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tho interest of the public debt, and conducts the various 
other pecuniary transactions of the exchequer. For 
these services the bank receives a per centage, or com^ 
mission, which amounts annually to about 260,000^* 
to which must be added the profit derived from the 
use of a floating balance due to the public, never less 
in amount than four millions sterling. This balance, 
employed in discounting mercantile bills at the rate 
of four per cent yields a revenue of 160,0002. per 
annum, which beinff added to the commission of 
a60,00W. gives a tot^ of 420,000Z. as the profit which 
the proprietors of Iwmk stock derive every year fix)m the 
connexion subsisting between that establishment and 
the Treasury. — Quarterly Mevieto^ Ab. 86. 

The Bank of England was first established in 1694: 
Its projector was one Paterson, born in Dumfrieshire^ 
and said to have died of grief, occaffloned by the in' 
gratitude with which he was treated by the world* 

Why toere the labours of the alchemists beneficial to 
mankinds 

Because, however great their follies, their researches 
were instrumental in promoting the progress of che- 
mical discovery. Hence, in particular^ metallic phar* 
macy derived its origin. Mr. Herschel justly observes, . , 
" among the alchemists were men of superior minds, ^ 
who reasoned while they worked, and who, not con- ' 
tent to grope always in tlie dark, and blunder on their 
object, sought carefully in the observed nature of theur 
agents for guides in their pursuits." 

Why is mercury used in amalgams'} 

Because, being habitually fiuid, it readily combines 
with most of the metals. When these metallic mix- 
tures contain a sufiicient quantity of mercury to ren- 
der them soft at a mean temperature, they are called 
amalganis, 

A work on metallurgy, and the use of quicksilver in 
refining gold and silver, was written by Alonzo Barba, 
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a clergyman of the church of St Bernard, at Potosi, 
ki the year 1640, who has by some writers been sup- 
posed to be the inventor of amalgamation. He dis- 
covered the process by mere accident ; for, being de- 
sirous of fixing quicksilver, he mixed it vnth fine 
powdered silver ore, and soon found that the mercuiy 
had attracted every particle of silver to itself, which 
presented him with the idea of refining metals by 
means of quicksilver. This experiment he made m 
the year 1609, but he was probably unacquainted at 
that time with smelting works in America, and does 
not appear desirous of claiming the invention of amal- 
gamation as practised in that country. The book, 
though published at that late period of the art, and 
notwithstanding there were many superior treatises on 
the same sulnect already published in German, was 
considered of such importance by the Spaniards, as 
containing all their metallurgic secrets, tnat they en- 
deavoured to suppress it : but a portion of it was trans- 
lated into English in 1674. 

WOAKla%r MSTAItS. 

Why are the ancient Britons eonduded to hca>e been 
txpert in toorking metals^ 

Because the art of working in iron and steel had 
risen to such perfection in the tenth century, that even 
the horses of some of the chief knights and barons 
were covered with steel and iron armour. Artificers 
who wrought in iron were so highly regarded in that 
warlike time, tliat every military oflacer had his smith, 
who constantly attended his person to keep his arms 
and armour in order. The chief smith was an officer 
of considerable dignity in the court of the Anglo- 
Saxon and Welsh kings, where he enjoyed many pri- 
vileges, and his wages were much higher than those 
of any other artificer. In the Welsh court, the king^s 
. smith was next in rank to the domestic chaplain, and 
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I entitled to a draught of every kind of liquor that 
was brought into the hall. 

ffky were hdlows first invented f 

Because they might imitate the action of the lungs 
and a hollow reed placed in the mouth of the blower, 
die latter being the first instrument employed for 
blowing a fire. Our common bellows appear to have 
been known to the ancient Greeks, and Koman lamps 
have been found in tlie form of bellows. 

Why %s U to he resetted that we know but little of 
the ancient construction of bellows ? 

Because more information on this subject would en- 
large the knowledge we possess of the metallurgy of 
the ancients. 

Strabo tells us, on the authority of an old historian, 
that Anacharsis the Scythian philosopher, invented 
the bellows, the anchor, and the potter's wheel ; but 
this seems doubtful, as Pliny, Seneca, Diogenes, 
Laertius, and Suidas, only attribute the two last to 
him ; and Strabo also remarks, that the potter's wheel 
is mentioned bv Homer, who lived prior to the time of 
Anacharsis. It is, therefore, probable that the latter 
became acquainted with the invention on his travels, 
and having made it known to his countrymen, waB 
looked upon as the inventor. — Beckmann, 

Why are forge-beUows constructed with three boards ? 

Because they are required to keep up a constant and 
unremitting stream of air through the fuel, to keep it 
in vivid combustion. Thus, the centre board is fixed, 
and furnished with a valve opening upwards, the 
lower board being movable with a valve also opening 
upwards, and the upper board being under a continual 
pressure by weights acting upon it. When the lower 
Doard is let down, so that the chamber between it and 
the middle board is enlarged, the air included between 
these boards being rarefied, the external pressure in 
the atmosphere will open the valve in the lower boards 
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and the chamber between the lower and the middle 
boards will be filled with air in its common state. 
The lower board is now raised by the power which 
works the bellows, and the air between it and the 
middle board is condensed. It cannot escape through 
the lower valve, because it opens upwards. It acts 
therefore, with a pressure proportional to the working 
power on the valve in the middle board, and it forces 
open this valve, which opens upwards. The air is 
thus driven fix)m between the lower and middle boards 
into the chamber between the middle and upper 
boards. It cannot return from this chamber, because 
the valve in the middle board opens upwards. The 
upper board bein^ loaded with weights, it will be con- 
densed while included in this chamber, and vnll issue 
from the nozzle with a force proportionate to the 
weights. While the air is thus rushing fix)m the 
nozzle, the lower board is let down and again drawn 
up, and a fresh supply of air is brought into the 
chamber between the upper and middle board. This 
air is introduced between the middle and upper board 
before the former supply has been exhausted, and by 
working the bellows, with suffi' 'ent speed, a large 
quantity of air will be collected in tne upper chamber, 
so that the weights on the upper board will force a 
continual stream of air through the nozzle. — hoardner* 

There are usually two blast-holes to conduct the 
stream of air from the bellows to the laboratory of the 
furnace, placed on opposite sides, but so andled that 
the streams do not impinge on each other. The bel- 
lows are commonly cylindrical, and their pistons are 
worked by a steam-engine. 

Why are these bellows stiperior to the house-beUotos ? 

Because the latter are constructed only with two 
boards, and have thus only an intermitting action, or 
blow by fits, the action being suspended while the 
upper board is being raised. 

ff%/ are German bellows vuxde of wood superior to 
those in comrmn use ? 
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' Because the effect produced by them isstroDger and 
iiK»e nzufbrm, and they last loDger. Some idea may 
be formed of this coDtrivance from the following 
sketch. The entire machine is composed of two 
boxes placed over each other, the uppermost of which 
can be moved up and down, in the manner of a lid 
with a hinge ; but the sides of the upper box are suf- 
ficiently laree to contain the lower between them, 
when raised to its greatest extent. Both are fastened 
together at the smallest extremity, where the pipe is 
inserted by a strong iron bolt Thus, when the boxes 
fit each otner with exactness, and the upper is raised 
over the under, which is immovable, the s|)ace con- 
tained within both will be increased: consequently, 
more air will rush in through the valve in the bottom 
of the lower one ; and when the upper box is again 
pressed down, this air will be expelled forcibly through 
the pipe. The only difficulty is to prevent any portion 
of the air from escaping at any other part of the ma- 
chine than the orifice of the pipe ; and this is obviated 
by the simple contrivance of placing movable slips of 
wood at the inner sides of the uppermost box, which, 
by means of metal springs are pressed to the sides of 
the lower box, and fiU up the intervening space. 
— Bechnann. 

IRON. 

Why 18 the use of iron believed to have been known 
in the earliest ages ? 

Because of its firequent mention in the bible : 
thus, Tubal Cain, who lived nearly 4,000 years before 
the commencement of the Christian era, was ^an 
instructer of every artificer in brass and iron." (Gen.iv. 
22.) and we read that Abraham took a knife to slay 
his son Isaac. (Gen. xxii. 10.) In these early times 
too, mention is made of shears and of shearing of 
sheep. (Gen. xxxviii. 12, 13.) 

fFhy is this knotvledge supposed to have been aJUit* 
wards lost ? 
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Because many of the ancient nations used stones, 
flints, the horns and bones of various animalH, the 
bones and shells of fish, reeds and thorns, for everr 
purpose in which the modems now use edge took <i 
uron and steel. 

Chronology informs us, iron was first discoyaedby 
the burning of Mount Ida, 1406 B.C. In Engknd 
by the Romans, soon after the landing of Ctemr : first 
discovered in America, in Virginia, 1715: &it cast in 
England, at Blackstead, Sussex, 1544. 

iffhy %p€u iron, at one period forbidden to he u$ed hjf 
tht Romans^ except in agrictdttare f 

Because they thought iron poisonous, and that 
wounds made with iron instruments healed with diffi- 
culty. Chemistry has, however, exposed ikaa fallacy. 
Fourcroy says iron is the only metal which is not 
noxious, and whose effects are not to be feared. In- 
deed, its efifects on the animal economy are evidently 
beneficial. 

ffky is iron the most useful of metals ? 

Because it becomes softer by neat, and has the ca- 
pability of being welded to another piece ofiron, so as to 
form one entire mass : and this may be done vntbout 
rivets, solder, or melting either of die pieces. No other 
metal possesses this singular property, except pla- 
tinum. 

An iron wire only one-tenth of an inch in diameter, 
will carry 450 pounds without breaking. A wire of 
tempered steel of the same size will cany nearly 900 
pounds.— B/acft. 

fVky has the iron trade of Great Britain inereased so 
extraordinarily since the year 1750 ? 

Because then pit-coal began to be generally used for 
extractinff cast iron from its ores. In 1740, England 
and Scotland did not possess more than 59 furnaces, 
pro<iucing 17,000 tons; whereas in 1837, they had 
mcreased to 284 furnaces, producing 6^,000 ton& A 
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writer in a French Journal, therefore, describes pit- 
coal as " the prime element of the manufactures and 
the wealth of England." The mean annual amount 
of the exportation of iron and steel from this coimtry, 
in bars and wrought works, is from 1,200,000^. to 
l,500,000f. The annual quantity of iron manufac- 
tured in Great Britain is 690,000 tons. 

In the creat iron works, the ore, broken into small 
pieces^ ana mixed with lime or some other substance 
to promote its fusion, is thrown into the furnace ; and 
bai^tfl Hf charcoal or coke, in due proportion, are 
thrown in elons with it. A part of the bottom of 
the furnace is fiSed with fhel only. This being kin- 
dled, the blast of the great bellows is directed on it, 
and soon raises the whole to a most intense heat: 
this melts the ore immediately above it, and the re- 
duced metal drops down through the fuel and collects 
at the bottom. The rest sinks down to fill up the void 
lefl by the consumed fuel, and this, in its turn, comes 
next in the way of the bellows, and is also reduced. 
More ore and fuel are supplied above, and the opera- 
tion joes on till the melted metal at the bottom, in- 
creasmg in quantity, rises almost to the aperture of 
the blast ; it is let out by piercing a hole in the side of 
the furnace, and then forms what are called pigs of 
cast iron. — Parkes, 

The Butterley iron- works are amongst the most im- 
portant in this country. Here are three furnaces, each 
capable of producing thirty-five tons of pig iron, or 
crude cast iron, per week. The blast furnaces are 
about forty feet high, and about thirteen in the largest 
diameter. When charged, they contain about 3,500 
cubic feet of iron stone, coke, and lime-stone, which 
produce one ton of melting iron. When heated, they 
are kept in a state of intense heat for many months or 
years, without intermission, and are constantly sup- 
plied at the tops with materials. Blast cyunderB, 
worked by a steam-engine of 80-horse power, continu- 
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ally urge a atream of air ioto the furnace. The Folume 
of air thus aupportiDg the combustion, may be esti- 
mated by the contents of these cylinders, which are 
six feet diameter, with a stroke of eight feet long, re- 
peated thirteen times per minute, and doubled by a 
reciprocity motion, causing a consumption or decom- 
position of 6240 cubic feet of air per minute. In the 
foundery attached to these works, were cast the iron- 
work of Vauxhall Bridge ; the columns of the Kjng's 
Theatre in the Haymarket ; many of the works in tne 
dock-yard at Sheemess ; the famous roof of the Rum 
Quay at the West India docks; and nearly all the 
pipes of the West Middlesex water-works. Sugar- 
mills for expressing the juice from the cane in the Co- 
lonies, are also manufactured here ; and the proprietors 
have exported upwards of 150 steam-engines to the 
same quarter within the last seven years. Here was 
made the steam-engine which supplies Calcutta vnth 
water : the nabob or king of Oude, has had one to 
work a pleasure steam-yacht, and another on a small 
scale to w.ork punkas or large fans, to ventilate and 
cool his apartments. 

At the Coffnor Park works, on the borders of Derby 
and Notts. &e Butterley Company manufacture bar 
iron in all its forms of convenience and utility. Their 
vastness is thus described : " Conceive a space as large 
as Lincoln's Inn Fields, covered with extended fires 
and smoke, with the rumbling of blasting engines, the 
thumping of welding-hammers, and scores of men car- 
xying about masses of iron at a white heat : imagine fur- 
naces of melted iron, with their narrow doors, through 
which light flows with sensible momentum, and blinds 
those who dare to look upon the liquid lakes within 
behold sets of revolving wheels, one of them twenty 
four feet in diameter, weighing twenty tons, yet whirl 
ing seventy-two times in a minute ; and see the con 
nexion of this balance and regulator: view twent} 
kinds of apparatus, alive, as it were, and with Cyclops 
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moyin^ amon^ them, and you have before you these 
vast Derbyshire iron- works. To comprehend, in a 
sentence, the works carrying on by the Butterley Com- 
pany only, I may observe, that in its iron and coal- 
works it employs twenty-five steam-engines with the 
power of 700 horses, and at this time gives employment 
to 1500 men, as miners, colliers, furnace-men, mould- 
ers, steam-engine fitters, smiths, labourers, &c."* 

Why is Swedish superior to British iron'f 

Because the Swedes smelt with wood instead of 
coke. It is imported into England in great quantities, 
and is chiefly used for carbonization in steel. 

Why is iron deprived of its malleability hy long-con- 
iinuea hammering^ 

Because it loses a portion of its latent caloric ; Dr. 
Black being of opinion that metals are malleable in 
proportion to the matter of heat which they contain in 
a latent state. 

Why is cast-iron puddled and rolled'^ 

Because a principal part of the foreign substances 
are thus burned away or squeezed out, and malleability 
is conferred upon the metal by rendering it more pure. 

By this curious process of puddling, cast-iron, after 
it has been to a certain extent refined, by refusion in a 
forge, is, in this country, converted into wrought h-on. 
The cast iron is put into a reverberatory furnace, and 
when in fusion, is stirred, so that every part may be 
exposed to the air and flames. After a time, the mass 
heaves, emits a blue flame, gradually grows tough, 
and becomes less fusible, and at length pulverulent ; 
the fire is then urged, so that the particles again agglu- 
tinate at a welding heat, and are gradually wrought 
up into masses. In that state of intense heat, the 
masses are passed successively between rollers, and the 
bars made malleable. They are cut into pieces, placed 
in parcels in a very hot reverberatory, and again ham- 

♦ Abridged from Sir R. Phillips»s Pergonal Toar^ Part ii. 1830, 
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mered or rolled out into bars. Thev are thus rendered 
more tough, jQezible, and malleable, but much less 
fusible, and may be considered as nearly pure iron. 

ffhy is iron better cast perpendicutctriy than komorir 
taUyf 

Because of the pressure of the upright colonm, 
which renders the bron much less liable to air-bubbles 
and imperfections of that kind, which defeat the skill 
and calculations of the machinist If this upright 
pressure be increased by a weight of extraneous metal, 
the casting is still more likely to be sound. 

Why does a rod of tvrought iron, if plunged into cast 
iron infusion, become steel? 

Because the iron absorbs part of the carbon. What 
is called case-hardening, is a conversion of the surface 
of iron into steel. 

fVhy is the process by which iron is converted into 
steely called cementation ? 

Because it consists in heating bars of the purest iron 
in contact with charcoal ; it absorbs carbon, and Id- 
creases in weight, at the same time acquiring a blis- 
tered surface. This, when drawn down into smaller 
bars, and beaten, forms tilted sted; and this broken 
up, heated, welded, and again drawn out into bars, 
forms shear-steel. 

In this process it has been commonly considered that 
tlie carbon combines mechanically with the iron ; our 
chemists have, however, long been of opinion, that it 
is a chemical combination that takes place, by the gra- 
dual absorption of carbon in the gaseous state, by the 
iron. This fact has been proved by Mr. Charles Mack- 
intosh, of Crossbasket, Lanark, who has taken out a 
patent for preparing steel, by subjecting the iron to a 
stream of carburetted hydrogen gas, evolved from coa* 
under distillation. This iron is enclosed in a pot or 
crucible in the furnace, and when arrived at the pro- 
per heat, a stream of gas is directed by a pipe into the 
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erucible, whieh has another aperture to allow that part 
of the gas to escape, which has not been taken up by 
the metal. Steel, in ingots, is porous ; but, to confer 
solidity, it is hammered, tilted, and rolled. At Atter- 
clifie, near Sheffield, are extensive works for these pur- 
poses. Here, by the power of a water-wheel, fifteen 
feet in diameter, hammers are worked, weighing from 
3 to 4^ cwt and strike, at ten or twelve inches fall, 
firom 100 to 220 times in a minute. The ingots, at a 
strong red heat, are exposed to the action of these ham- 
mers, and the metals condensed into bars, which are 
next submitted, at the same degree of heat, to the 
tilting hammer, which gives 300 strokes per minute : 
lastly, they are rolled or flattened into sheets, and 
drawn into lengths. Six tons a week are hammered 
down by one hammer; about three tons are tilted; 
and twenty-four tons can be rolled, working night and 
day, by relays of hands. 

The making of steel is a British manu&cture scarcely 
sixty years old. Previously it came from Austria and 
Syria, and was dear and httle used. Jt is, however, 
now heated, welded, cut, and moulded in this country, 
with nearly the same facility as deal wood by an ordi- 
nary carpenter. 

fVhy does a drop of nitric addf Ut faU upon sled, 
occasion a black spot ? 

Because the iron is dissolved, and the carbon thereby 
exposed to view. — Parkts, 

Why is steel tempered 7 

Because, when steel is heated to a cherry-red colour, 
and then plunged into cold water, it becomes so ex- 
tremely hard and brittle, as to be unfit for almost any 
practical purpose ; and tempering reduces it fi-om this 
extreme hardness, by heating it to a certain point or 
temperature. 

The polishing of steel is not executed in the same 
manner as that of the softer metals : the steel is not 
69* 
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poHsheil until it has been hardened, and the harder it 
i& the more brilliant will be its polish. Rotten-stone, 
a kind of very light tripoli, but finer than the other 
sorts, and found near Bakewell, in Derbyshire, is 
esteemed for general polishing ; but steely from its ex- 
treme hardness, requires to be polished with emery. 
ffhy an various colours produced on heated siedt 
BiM^ause of the oxidation which takes place, as is 
pnncd from the circumstance that when steel is heated 
and suffered to cool under mercury or oil, none of the 
coloui-s ap])oar ; nor do they when it is heated in hy- 
drogen or nitrogen. — Brandt, 

Uliy is it customary to judge of the temper of steel hf 
its colours ? 

Because, the surface being a little brightened, exhi- 
bits, when heated, various colours, which constantly 
change as the temperatiu^ increases. Thus, when 
steel is placed in a bath heated to 60^, the first change 
is at about 430^, which is very faint ; at 460", the co- 
lour is straw, becoming deeper as the temperature is 
increased ; at SOC^, the colour is brown ; this is fol- 
lowed by a red tinge, with streaks of purple, then pur- 
ple ; and at nearly 600®, it is blue. The degrees at 
which the different colours are produced, being thus 
known, the workman has only to heat the bath with its 
contents up to the required point For example, sup- 
pose the blade of a pen-knife, (or a hundred of them,) 
to require tempering ; they are suffered to remain in 
the bath until the mercuiy in the thermometer rises to 
460®, and no longer, that being the heat at which the 
knife (supposing it to be made of the best English cast 
steel) will be sufficiently tempered. 
JFhy is cast steel so called^ 

Because it is prepared by fusing blistered steel with 
a flux composed of carbonaceous and vitrifiable ingre- 
dients, casting it into ingots, and afterwards by gentle 
heating, and carefiil hammering, giving it the rorm of 
bars. 
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Why %s the Penwian sled ao called^ 

Because it is an alloy of steel with certain portions 
of other metals from Peru. It is, technically speakiitf, 
sadder, not so easy to work as other steel, and yet much 
harder and tougher than any other. 

CUTLERY. 

Why is sted tised for making cutting instruments ? 

Because it combines the fusibility of cast with the 
malleability of bar iron, and when heated and suddenly 
cooled, becomes very hard. 

The rapidity with which razora, knives, &c. are pro- 
duced from tlie raw material, is truly astonishing. 
Thus in the workshops at Sheffield, we may in a few 
minutes see dinner knives made from the steel bar 
and all the process of hammering it into form, welding 
the tang of the handle to the steel of the blade, hard- 
ening the metal by cooling it in water and tempering 
it by de-carbonizing it in flie fire. 

The number of hands through which a common 
table-knife passes in its formation is worthy of being 
known to all who use them. The bar steel is heated 
in the forge by the maker, and he and the Mriker reduce 
It in a few minutes into the shape of a knife. He then 
heats a bar of iron and welds it to the steel so as to 
form the tang of the blade which goes into the handle. 
All this is done with the simplest, tools and contri- 
vances. A few strokes of the hammer in connexion 
with some trifling moulds and measures, attached to 
the anvil, perfect, in two or three minutes the blade 
and its tang or shank. Two men, the maker, and 
striker, produce about nine blades in an hour, or seven 
dozen and a half per day. The rough blade thus 
produced, then passes through the hands of the filer, 
who files the blade into form by means of a pattern in 
hard steel. It then goes to the hailers to be hailed in 
ivory, horn, &c. and tlien to the finisher. In this pro- 
fession, every table-knife, pocket-knife, or pen-kriife, 
passes, step by step, through no less than 16 hands 
or 144 separate stages of workmanil:v\\). 
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raised, and the fineness of the edge proportionally in- 
creased. 

In some experiments, the knife edges attached to 
the pendulum described by Captain Kater, in PJUL 
Trans. 1818, on being carefully hardened and tem- 
pered in the bath at 432'^, were, on trial, found too 
soft. They were a second time hardened, and then 
heated to 212'', at which point the edges were ad- 
mirably tempered. This, it will be remembered, i» 
the heat of boiling water, and further illustrates the 
preceding question. 

In the maimfacture of a razor, it proceeds through 
a dozen hands; but it is afterwards submitted to a 
process of grinding, by which the concavity is perfected,, 
and the fine edge produced. They are made fi^m 
Is. per dozen, to 20». per razor, in which last the 
han dlg^jg^lued at 16*. 6d, — Scissors, in like manner,, 
are madeby "Hand, and every pair passes through 
sixteen or seventeen hands, including fifty or sixty 
operations, before they are ready for sale. Common- 
scissors are cast, and when riveted, are sold as low aft. 
4s. 6d. per gross ! Small pocket knives too are cast, 
both in blades and handles, and sold at Qs. per gross^ 
or a halfpenny each ! These low articles are exported 
in vast quantities in casks to all parts of the world. 

ZINC 

Why is Zinc useful in Vie cais9 

Because, in combination with copper or tin, in 
various proportions, it forms some of the most useftil 
compound metals or alloys. Thus, with copper, it 
constitutes bi*ass, pinch back, and tombac ; with little 
copper. Prince's metal ;* with tin and copper, bronze. 

Roofs covered with zinc are very numerous in the 
Low Countries but have one bad quality. In cases of 
fire, the zinc being very combustible, soon becomes in- 
flamed, and falling all around, occasions great danger 

*See Domestic ScicrrcE, page 65. 
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to those who approach the huilding. In short, zioc is 
the most combustible metal we have. If beaten out 
into thin leaves, it will take fire from the flame of a 
common taper. 

Why has the oxide of zitic been svhsHtvied for 
white uad in house-painting. 

Because it preserves a good colour much longer: 
it is not, however, of so perfect a white as lead. 

TIN. 

ff%f did the ancients mix tin with their copper coins 
and edge tools ? 

Because it occasioned the coins to wear longer, and 
it imparted sufficient hardness to the copper to render 
it capable of forming very good cutting instruments. 
Mr. Parkes, in analysing several Roman' brass coins, 
from various periods of the Empire, found tin to be a 
component part in all of them. 

fVhy is not Spanish tin used in this country 7 

Because it bears a prohibitory duty of SOL per cent. 
It is raised in great quantities in South America, and 
is very pure, but not so neatly manufactured as the 
Cornish tin. According to Aristotle, the tin mines of 
Cornwall were known and worked in his time. Dio- 
dorus Siculus, who wrote 40 years before Christ, des- 
cribes the method of working these mines, and says, 
that their produce was conveyed to Gaul, and thence 
to different parts of Italy. The miners of Cornwall 
were so celebrated for their knowledge of working 
metals, that about the middle of the 17th century, 
the renowned Becher, a Physician of Spire, and tutor 
of Stahl, came over to this country to visit them. 

A celebrated tin mine was the famous wherry mine, 
near Penzance. The shaft through which the miners 
went down to work, was situated nearly 100 yards 
below water mark. "The opening of this mine'' says 
Dr. Maton, "was en astonishingly adventurous un- 
dertaking. Imaguie the descent into ii mine through 
the sea, the miners working at the depth of 17 fathonos 
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below tlie waves ; the rod of a steam engine, extend- 
inff from the shore to the shad, a distance of nearly 
ISS fathoms, and a great number of men moment- 
arily menaced with an inundation of the sea, which 
continually drains in do small quantity through the 
roof of the mine, and roars loud enough to be dis- 
tinctly heard in it." The working of this mine was 
wholly given up in the year 1798. 

Such is the mineral wealth of Cornwall, that it 
contains more men, who possess fortunes, sprung 
from the mines, of five and from that to twenty 
thousand pounds, than there are in any other county 
of England, excepting the metropohs and its vicinity; 
and there are some instances of individuals acquiring 
from fifly to two hundred thousand pounds, from the 
mines, and by a fortunate course of trade. 

Why should tin be chosen for its Ugktness^ 

Because its purity is in exact ratio with its levity ; 
while gold, on the contrary, unless alloyed with plati- 
num, is fine in proportion to its density. 

Why is tin so important to the dyer^ 

Because it is employed to cive a brightness to cochi- 
neal,* archil, and other articles used m forming reds 
imd scarlets ; and to precipitate the colouring matter 
of other dyes. For these purposes it is previously 
dissolved in a peculiar kind of aqua-fams, called 
dyers^ spirit. 

Tin IS consumed in large quantities by the dyers ; 
it is also used for covering sheet iron to prevent its 
rusting, and in forming plumbers' solder, speculum 
metal, pewter, and some other alloys. Its oxides are 
used in poUshing glass, in glazing some kinds of 
earthenware, &c. 

Why is Hn-plale so called^ 

Because it is made by dipping clean iron platen 
mto melted tin. When tin-plate is washed over with 

*See ZooLoor— /luectijpage 258. 
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a wiNik acid, the crystalline texture of the tin be- 
comtni beautifully e\ident, forming an appearance 
which has been caUed moire mdcdlique. 

tf^ art pins whitened by boUinft tn gram-tin and 

Wcause the tartaric acid first dissolves the tin, and 
then ^(raduaUy deposits it on the surface of the pins, 
in consetiut»uot» ot its greater affinity for the zinc, of 
which the bniws wire is composed. 

f^hif wtra tke Siarmary Courts so called? 

BtH^au8e thcv regulated the aflairs of the tin (jSShm- 
muny Lattxu) tuiuets and determined causes among the 
tuuiers w hcther criminal or actions for debt At Lyd- 
Ibrd, on the borders of Dartmoor, was one of the Stan- 
nary pritMHis : hence the Devon and Cornwall saying : 

^^ Fim tuuic and dmw, 

TtH»a btntt Um chum by Lydford Law ; ** 

or Lyd^>n.i l4aw, by which they hang noen first, and 
try them afterwanb. 

LEAD. 

IVf^ is lead einjdotfed in r^/fntng (he precious mdals^ 

Btx^autK* when ml\t^ with them m a great heat, 
\l rujtcf* to the surface combined with all heteroge- 
ueout^ matter. Lead is employed to cover buildings, 
to form wati.'>r«pipets (though Yitruvius, the Roman 
aivhitect^ in the tiiue of ziugustus, condemned this 
pracUceO and to make a gr^t variety of vessels for 
economical purpoc^s. Its oxides are used for dyeing 
and caUco>nnutmg> in the manufacture of glass, earth- 
en ware> and porcelabt : and lead is capable of formins 
variou$t allo^'9. There is also a large consumption of 
lead in makmg shot.* 

f^ is teitd employed in the wumufadurt qf'wkik 
ms^alouUonsi 

Uecaiuiie it has been discovered that a certain pro- 

* Sm Xsckarzc*, p. 90. 
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portion of lead may be mixed with the metal formerly 
used, without injuring the kippearance of the button i 
thus affording a very considerable additional profit to 
die manufacturer. 

PFhy is lead employed to correct harsh wine't 

Because it has the property of imparting a saccha- 
rine taste when dissolved in acids, as in that of the 
wine. The ancients knew that this metal rendered 
harsh wine milder, but it was not universally known 
to be poisonous. According to Pliny, the Greeks and 
Romans proved the quahty of their wines by dipping a 
plate of lead in them. Lead will also take off the ran- 
cidity of oils. 

Why toere blocks of lead called jn^s'^ 

Because they mignt be distinguished from larger A. 
blocks, called^ <oz05, which latter term is still retained '^■^ 
in the wordfj^o^metal. In 1773, a pig of lead was dug 
up nea^flmworth, with an inscription of the date 
76, JL,B^^1G97 years old ; thus proving lead to have 
been use^yby the Romans in this country. 

Jfhyjflead cast in such regular sheets? 

Because the melted metal is suffered to run out of 
a box through a long horizontal slit upon a table pre- 
pared for the purpose, while the box is drawn by ap- 
propriate ropes and pulleys along the table, leaving the 
melted lead behind it in the desired form, to conceal. 
The lead thus cast is then passed between two iron 
rollers placed at such a distance from each other, as 
will reduce it to the requisite thickness. 

Why is common lead changed into red lead by m>eU* 
ingU in ovens ivith a free access of atmospheric airf 

Because the lead absorbs so much oxygen as to be- 
come converted into an oxide. Thus, the melted lead 
Is exposed until the surface is covered with a pellicle ; 
this pellicle being removed, another is formed; and 
thus, by successively removing the pellicle as it forms, 
the greater part of the lead is soon changed into a yoi* 
70 
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lowish-green powder. This powder is then ground in 
a inill, and when it has been washed and properly 
dried, is thrown back into the furnace ; and this, by 
constant stirring for thirty or forty hours, so as to expose 
every part to the action of the air, becomes red lead, 
and is taken out for use. Twenty cwt. of lead gener- 
ally give 22 cwt of red lead ; so that 2 cwt. of oxygen 
are absorbed from the atmosphere during the process. 

The only important alloys of lead are those with tin. 
Common pewter consists of about 80 parts of tin and 
20 of lead. Equal parts of lead and tin constitute 
plumbers^ solder ; and what is termed pot-metalf is an 
alloy of lead and copper. 

The reduction of native lead upon a large scale, is 
a sufficiently simple process. The picked ore, after 
having been broken and washed, is roasted in a rever- 
beratory fire, the temperature being such as to soften 
but not fuse it. During this operation, it is raked till 
the fumes of sulphur are dissipated, when it is brought 
into perfect fusion ; the lead, reduced by the fuel, 
sinks to the bottom, and runs out into oblong moulds 
called pigs ; the scoriae are again melted, and furnish 
a portion of less pure metS. The mines of Great 
Britain afford an annual produce of about 48,000 tons 
of smelted lead. There is a peculiar variety of native 
lead, called in Derbyshire Slickensides, which, when 
touched by the miners' pick, often splits asunder with 
a kind of explosion.* 

Plumbago, graphite, or hlack-lead, is generally re- 
garded as a true carburet of iron : it is not uncommon, 
though rarely found sufficiently pure for pencils ; the 
coarser kinds, and the dust, are melted with sulphur, 

* The practice and laws of mining in Derbyshire, are somewhat 
carious. Sir Richard Phillips, in his recent Personal Tour^ tells us, 
« there is a large district called the King^s Fiddy and as the king is en- 
titled to a share, so any person finding a vein of ore, may, on giving 
notice to the Bar-master, an officer so called, work the said vein for 
his own benefit, and the king's. The Bar-master then places a cross- 
stick on the spot, and the vein is deemed the legal property of the dis- 
coverer, who is, moreover, entiUed to a right of way to the nearest 
Dttblic road." 
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for common carpenters' pencils : it is sometimes used 
in manufacturing crucibles, and in compositions foi 
covering cast-iron, and for diminishing friction in ma- 
chinery.* 

Mr. Bakewell was informed at the celebrated mine 
Ui Borrowdale, tlaat black-lead, to the amount of one 
thousand pounds, had been obtained there in one day. 

Why is common white-lead made by exposing sheet- 
lead to acetic add 9 

Because tl^e fumes of the acid oxidize the metal 
Thus, a number of crucibles, holding from three to six 
quarts each, and nearly filled with vinegar, are placed 
iu hot-beds of tan: upon these crucibles thin sheets 
of lead, rolled up in coils, are placed, one coil over each 
crucible. The heat of the bed occasions the vinegar 
to rise in vapours, and this attaches itself to the lead, 
and oxidizes its surface to a considerable depth. The 
oxide which has been thus formed, is scraped off, and 
the coils of lead replaced : in this manner the opera- 
tion is repeated, until the whole of the metal is oxi- 
dized. This oxide, which contains a portion of carbo- 
nic acid, is afterwards washed, and ground for sale. 

Why does linseed-oU, boiled toiUi red-lead, become 

ing oil^ 

Because the oxygen of the metal combines with the 
oil, imparting to it 3ie property of drying quickly. 

ANTIMONY. 

Why is antimony important in the arts ? 

Because, alloyed witli lead, in the proportion of 1 to 
16, and a small addition of copper, it forms the alloy 
used for printers' types : \vith lead only, a white and 
rather brittle compound is formed, used for the plates 
upon which music is engraved. With tin, antimony 
constitutes a kind of pewter, a term, however, applied 
loan alloy of lead and tin. The finest pewter consists 

* See Mechanics, page 36. 
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4 

oif dbmit tWK^lve parts of tin and one of antimony, with 
a small addition of copper. A good white meta], 
(Britannia) used for tea-pots, is composed of 100 tin, 
c antimony, t2 bismuth, and 2 copper. 

COPPER. 

Hlky is copper chosen for making irtmipeta and other 
mHsicM mstrumenSs f 

Because of its sonorous property. 

9fkg is copffer-trire chosen by unre-dancersf 

Because of its great elasticity, fhus a wire 1-lOth 
of an inch in diameter, will support nearly 3001b. 

The first copj>er smelting works were established at 
Swansea, about a century ago, — but the business has 
80 increased, tliat it is calculated not fewer than 10,000 
persons are now employed in the works and the col- 
lierii^ and the shipping connected with them. 

The following is an outline of the process by which 
ones of copper are reduced, as carried on upon a large 
ncale near Swansea, where the chief part of the Com- 
isli ores are brought to the state of metal. The ore, 
having been picked and broken, is heated in a reverbe- 
ratory furnace, by which arsenic and sulphur are driven 
off. It is then transferred to a smaller reverberatory, 
where it is fused, and the slag wiiich separates, beinc 
occasionally removed, is cast into oblong masses, used 
as a 8ul)stitute for bricks. The impure metal collected 
at tlie bottom of the furnace, is granulated by letting 
it run into water ; it is afterwards melted and granu- 
lated two or three times successively, in order nirther 
to separate impurities, which are chiefly sulphur, iron, 
and arsenic, and ultimately cast into oblong pieces 
called pigs, which are broken up, roasted, and lastly 
melted with charcoal in the refining furnace. Mallea- 
bility is here conferred upon the copper, and its texture 
improved hj stirring the metal with a pole of green 
wood, generally birch, which causes great ebullition 
and agitation ; assays are occasionally taken out, and 
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the metal, originally crystalline and granular when 
cold, now becomes fine and close, so as to assume a 
silky polish when the assays are half cut through and 
broken. The metal is now cast into cakes about twelve 
inches wide, by eighteen in length. Copper for brass- 
making is mnulaied by pouring the metal through a 
perforated ladle into water; when this is warm, the 
copper assumes a rounded form, and is called bdan 
shot ; but if a constant supply of cold water is kept up 
it becomes ragged, and is called feathered shot An- 
other form into which copper is cast, chiefly for ex- 
ports to the East Indies, is in pieces of the length of 
six inches, and weighing about eight ounces each . 
the copper is dropped from the moulds, immediately 
on its becoming solid, into a cistern of cold water ; and 
thus, by a slight oxidation of the metal, the sticks 
acquire a rich red colour on the surface. This is called 
Japan Copper, — Brande, 

Sulphate of copper, or Roman vitriol, is much used 
by dyers, and in many of the arts. Fo wlinff-pieces and 
tea-urns are browned, by washing them with a solution 
of this salt. Verdigris is an acetate of copper. Blue 
verditer, much used in staining paper for hanging 
rooms, is a nitrate of copper, combined with hydrate of 
lime. Mineral and Brunswick green, are likewise 
combinations of copper with potash, &c. At Mont- 
pellier, the manufacture of rough verdigris is part of 
the household business in tlie wine-farms, and is gene- 
rally done by the women. 

The annual value and produce of the copper and tin 
from the mines of Cornwall and Devonshire, on an 
average of several years, may be stated at 75,000 tons 
of copper ore, value £800,000. sterling ; 3,250 tons of 
metallic tin, value £227,000. — BakeweWs Geology. 

According to the tables of the produce of the soft me- 
tals raised in Great Britain, as given in a work en- 
tided Records of Mining, the quantity raised in a year 
70* 
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bias folio WB :— copper, 16,635 tons; lead, 47g000 tons; 
and tin, 5,316 tons. 

Why is the rust advaniageous to copper 1 

Because the corroded part is very tbm, and presenres 
the metal beneath from further corrosion^ 

Why have small hells a shrill tone^ 

Because zinc is added to their composition, usually 
consisting of three parts copper and one of tin. 

Why has apparatus been invented for sounding beUs 
toUhovi pvUing ? 

Because buildings suffer much fi-om the sounding 
of bells, especially when they are very heavy. Let 
one, in fact, only imagine a mass of several tons 
swinging to and fro, and he will readily perceive how 
much a building must be shaken by it« In Denmark, 
Professor Oersted has introduced into a bell a balance ; 
similar to that of a pendulum. An axis, by turning, 
raises a hammer, which, at each turn, strikes the bell, 
and produces a sound which cannot be distinguished 
from that emitted by the bell when tolled. 

The laijest bells in the world are to be found in 
Russia, The "Great Bell" of Moscow, cast in the 
year 1736, weighs 432,000 pounds, is 19 feet higfh, 
21 yards in circumference at the bottom, and at its 
greatest thickness 23 inches.* 

Why should children be cautioned against eating 
the imitative gold on gingerbready 8fc, ? 

Because it is nothing more than a fine kind of brass, 
which is supposed to be made by cementation of copper 
plates with calamine, and hammered out into leaves 

* Mirrors are also cast of larger dimensions at St. Petersborgb. than 
elsewhere. In the Imperial manufactory here, was cast for Prinee 
Potemkin, a mirror, measuring 194 inches by 100. One, of tbe same 
OToportions^ and valued at three thousands guineas, was cast tea tlM 
Dake of Wellington, a few years since, but was brokem to •tomi io 
its conveyance from St. Putersburgh to England. 
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in dermany. It is sold very cheap in thiet country, 
Under the name of Dutch gold or Dutch metal. It is 
about five times as thick as gold leaf; that is to say^ 
it is about one sixty-thousandth of an inch thick. 

Why iff tin prtferMe to other metals for lining copper 
vessdsf 

Because it combines with copper at a much lower 
temperature than is necessary to fuse the copper alone« 
When vessels are tinned, they are first scraped or 
scoured ; afi»r which they are rubbed with sal-ammo-* 
niac. They are then heated, and sprinkled with 
powdered redn, which defends the clean surface of the 
copper from acquiring the slight film of oxide, that 
would prevent the adhesion of the tin to its surface. 
The melted tin is then poured in and spread about* 
An extremely small quantity adheres to the copper, 
which may perhaps be suppose4 insujaScient to prevent 
the noxious effects of the copper as perfecdy as might 
be wished. 

Jfhy do tDcdchmakers prefer Dutch brass to iht 
English f 

siecause of its superior ductility, which is owing to 
the large proportion of copper contained in it; the 
Dutch being a compound of two atoms of copper and 
one of zinc, while the English is of equal parts of 
copper and zmcr^TVumison. 

COBALT* 

fFhy is cohaU extremely valuable to the manufudurers 
of porcelain f 

IBecause it not only produces a beautiful colour, but 
endures the extreme heat of then* furnaces unaltered^ 
This colour is so intense, that a single grain of the 
pure oxide will give a deep tint of blue to 240 grains 
of glass. Smalt, or powder-blue, used by laundresses, 
consists of oxide of cobalt, ground impalpably with 
flint-glass. This is also used to give a blue tinge to 
writing and printing papers. 
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Coljfth ores ^nerally contain arsenic : they are bo 
rontariiinated with it, that the workmen who are em- 
ployed sekiom live many years. 

fflty is cobaU tspeciaHy valuable in theftne artsf 
Because its oxide forms the most permanent blue 
colour that we are acquainted with. La Grange says 
tliat the old painters used this oxide mixed with oil 
in their pointings, which is the reason why the sky 
and dnpery in some old pictures are of so dw!able a 
blue. 

BISMUTH. 

fVhy is bismulh important in the composiHon for 
priniing'bfpts ? 

Becau2K; it has the singular property of expanding 
atf it cools ; and from this expansive property are ol? 
tniiied tiie most perfect impressions of the moulds in 
which the letters are cast. The larger kind of types 
are generally made with lead and antimony, in the 
proportion of from 4 to 16 parts of the former to one 
of the latter. 

SLLVER. 

IVhy is silver aUoytd tmth coftperfor pHaU and coin ? 

Because the fonner metal is thus rendered harder 
and more sonorous, while its colour is scarcely im- 
paired. 

The silver mines of Mexico and Peru far exceed in 
value the whole of the Euro^tcan and Asiatic mines : 
for we are told by Humboldt, that three mines, in the 
B|>uce of three centuries, afforded 316,023,883 pounds 
troy of pure silver ; and he remarks that this quantity 
would fonn a solid globe of silver, 91,206 Eogush feet 
in diameter. {Jameson.) Mr. Helms is of opinion 
that the Andes, if properly examined, would afkacd. 
silver enough to overturn our present commercial sys- 
tem, by making silver as common as copper. 

Silver has also been obtained from some of the lead 
mines of Great Britain. Bishop Watson, io his Chern^ 
ieal Euayif notes, " By the silver which was produced 
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from the lead mines in Cardiganshire, Sir Hugh Mid- 
dleton is said to have cleared two thousand pounds a 
month, and that this enabled him to undertake the 
great work of bringing the new river from Ware to 
London." 

Why does stiver tarnish and blacken^ 

Because of the sulphureous vapours in the atmos- 
phere : pure water has no effect upon silver ; but if 
the water contam vegetable or animal matter, it often 
slightly blackens its surface in consequence of the 
presence of sulphur. 

ffhy is ihe German " silver " improperly so named ? 

Because it is nothing more than the white copper 
long known in China, and does not contain a particle 
of silver ; it is only an alloy of copper, metal, and nickel. 
Although only now coming into known use in Eng- 
land, it has been no stranger to the manufactories of 
Birmingham for at least twenty years or more. 

Why is plating so coiled'? 

Because it is performed by the application of a plate 
of silver to the surface of copper, which is afterwards 
beaten or drawn out. Amalgam of silver is sometimes 
employed for plating ; it is applied to the surface of 
the copper, and the mercury being evaporated by heat, 
the remaining silver is burnished. A mixture of 
chloride of silver, chalk, and pearlash is employed for 
silvering brass : the metal is rendered very clear, and 
the above mixture, moistened with water, rubbed upon 
its surface. In this way, thermometer scales and clock 
dials are usually silvered. 

A note upon the duty on plate will show how large 
a portion of gold and silver is annually diverted from 
the purposes of coin to those of ornament and luxury. 
The rate of duty upon silver wrought plate in 1804, 
was Is. dd ; upon gold 16s, per ounce ; it was after- 
wards raised to Is. & upon silver, and to 17^. upon gold. 
At this time the annual net duty was less than 50002. ; 
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*m 1828, it was upwards of 105,0002. ; a rise more than 
twenty-fold, notwithstanding the greatly diminished 
supply fi^m the mines, and the consequent increasing 
value of the precious metsds. 

Jfhy is coal gas injurious to silver and plated ^oods^ 

Because of Uie sulphuretted hydrogen which it con- 
tains. 

Why is this Birmingham and Sheffield plate superior 
to that formjerly made^ 

Because the old method was by dissolving mercury 
in nitrous acid, dipping the copper, and depending 
on the affinity of the metals, by which a very slight 
article was produced. But at Sheffield and Birming- 
ham, all plate is now produced by rolhn^ ingots of 
copper and silver together. About the eighth of an 
inch in thickness of silver is united by heat to an inch 
of copper in ingots about the size of a brick. It is 
then flattened by steel rollers worked by an eighty- 
horse power. The greater malleability of the Slver 
occasions it to spread equally with the copper into a 
sheet of any required thickness, according to the 
nature of the article for which it is wanted. Plated 
metal, the eighth of an inch thick, is thus rolled by the 
hand into ten times the surface, the silver spreading 
equally; and the platbig would be perfect if the rolling 
had reduced it to the thinness of silver paper ! This 
mode of plating secures to modem plate a durability 
not possessed by any plate silvered by immersion. 
Hence plated goods are now sought all over the world, 
and, if fairly used, are nearly as durable as silver 
itself. Of this material, dinner and dessert services 
have been manufactured at from fifty to three hundred 
guineas, and breakfast sets from ten to two hundred 
guineas, as sold on the spoL 

GOLD. 

Why is gold alloyed with copper for coinf 
Because it is thus made harder than pure gold, and 
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. reiists wear better than any other alloy except that 
with silver. 

The produce of the Ural gold mines amounted, in 
1827, to 672,41.62. Gold is also found in the Rhine; 
but the quantity is so scanty, that, the washer considers 
it a good day's work, if he succeed in collecting to the 
value of 5*. or 6*. From the official accounts of the 
yearly produce obtamed from that stream in the Grand 
buchy of Baden, we observe the value was, in 1821-2, 
£603 ; 1826, £808 ; 1827-8, £943. The last produce, 
flonall as it may appear, for it scarcely exceeded 17 
pounds in weight, snowed so considerable an increase 
upon preceding years, that a great impulse was given 
to this branch of industry in Baden. 

We have already noticed the malleability of gold, 
though not its actual Umit ; * for the gold-beaters find 
it necessary to add three grains of copper in the ounce^ 
to harden the gold, which otherwise would pass round 
the irregularities of the newest skins, and not over 
them : and in using the old skins, which are not so 
perfect and smooth, they even add twelve grains. The 
wire which is used by the lace-makers, is drawn from 
an ingot of silver, previously gilded. In this way, 
from me known diameter of the wire, or breadth when 
flattened, and its length, together with the quantity of 
^Id nsed, it is found, bv computation, that the cover- 
mg of gold is only l-12tn part of the thickness of gold 
leaf, though it is still so perfect as to exhibit no cracks 
when viewed through a microscope. 

Fifty thousand pounds worth of gold and sDver are 
said to be annually employed at Birmingham in gild- 
ing and plating, and of course lost for ever as buluon* 
~^he ductility of gold is such, that one ounce of 
it is sufficient to gild a silver wire more than 1,900 
miles long. 

* See BixoBAmot, p. 17. 
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ffky is mercury used to s^aardtt gold and sUoer Jrom 
(he extraneous matter Jouna vnth uiose metals^ 

Because, by triturating the mass with mercury, the 
gold and silver become amalgamated with it; and 
afterwards this amalgam is submitted to heat, when 
the mercury sublimes ; the precious metals leaving in 
a state of purity. 

The gildling of buttons is, in part, rimilarly effected. 
When the buttons, which are of copper, are made, 
they are dipped into dilute nitric acid, to clean them, 
and then burnished with a hard black stone : they are 
then put into a nitric solution of mercury, and stirred 
about with a brush till they are quite white : an amal- 
gam of gold and mercury is then put into an earthen 
vessel with a small quantity of dilute nitric acid ; and 
in this mixture the buttons are stirred till the gold 
attaches to their surface: they are then heated over 
the fire till the mercury begins to run, when they are 
thrown into a large cap made of coarse wool and goat^s 
hair, and in this they are stirred about with a brush. 
The mercury is then volatilized, by heating over the 
fire in a pan. By Act of Parliament, a gross of but 
tons, of an inch diameter, are required to have ^s% 
grains of gold on them ; but many are deficient even 
of this small quantity. 

Why is false gilding so caUed^ 

Because it is the art of applying thin leaves of sil- 
ver, or of tin, to the substance to be gilded, and then 
rubbing them over with a yellow transparent colour, 
through which the metallic splendour appears : this is 
very old ; and a method of affixing a white metal to 

Eaper, and then covering it with a gold varnish, has 
een known in China from the earliest ages. It ap- 
pears also to have been employed at a very remote 
period for gilding leather, of which many specimens 
may be found in ancient leathern tapestry. 
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PLATINUM. 

H%y 18 platinum so called^ 

Because it resembles silver; the term, in the lan- 
guage of Peni, roeaning " little silver." 

PTatinuin may always be known from other metals 
by its superior specific gravity, it being the heaviest 
body in nature. The important uses to which this 
precious.metal may be applied, can be easily conceived, 
when it is considered that it unites the indestructibility 
of gold to a degree of hardness almost equal to that of 
iron ; that it resists the action of the most violent fire, 
and also of the most concentrated acids. One of its 
more usefiil applications has been to the coating of 
copper with as much ease as the common operation of 
tinning. The high value of platinum is however very 
much against its general adoption, for although much 
cheaper than gold, it is worm between foiur and five 
times its weight of silver. 

Why is the aUoy of sted and platinum weU adapted 
formtrrors^ 

Because it takes a fine polish and does not tarnish. 
^ Why is platinum well adapted for the manufacture of 
rings and chains 7 

Because it has the property of being united by weld- 
ing, either one piece to another, or with iron, or steeL 
Hence its durability must add to its value. 

A beautiful coinage of platinum has lately been 
issued in Russia, the metal being found in considerable 
quantities in the Uralian mountains of Siberia. 

Why is rhodium used for the nibs of metallic pens ? 

Because of its extreme hardness and durabihty. For 
this successful apphcation, the ele^mtarts are indebted 
to the suggestion of the late Dr. Wollaston. 

GLASS. 

Why is lead important in glass ? 
Because its oxide, in the form of litharge, or mi- 
nium, increases the fusibility of the compound, gives 
71 
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it greater teoaciousDess when hot, increases its refrac- 
tive power, and enables it to bear sudden changes of 
temperature. It is a copious ingredient in the Lofn- 
don Jlint glass, celebrated for its brilliancy when cut, 
and used for most optical purposes. Lead, however, 
/euders glass so soft as easily to scratch. 

The manufacture of glass is as follows : — The glass- 
pots are placed round a dome-shaped furnace, built 
upon arches, and open beneath for the free admission of 
air ; there are generally six in each furnace, and they 
are entirely enclosed, except at an orifice on the side 
opening into a small recess formed by the alternate 
projection of the masonry and the flues, in which the 
workmen stand. Coal is the fuel employed, and the 
furnace is so built that a rapid current of flame may 
be directed round each ^lass-pot, which afterwards 
passes out with the smoke mto the dome and chimney, 
heating a broad covered shelf in its passage, which is 
the anneaUng oven. The materials, or fret, being 
fused, and the impurities removed, gradually become 
clearer, abundance of air-bubbles are extricated, and 
at length the glass appears uniform and complete; 
the fire round each individual pot is then damped, till 
its contents acquire a consistency fit for working; flie 
whole process requiring about forty-eight hours from 
the time the pots are filled. At the worMng heat, which 
is a full red, the glass has a peculiarly tenacious consis- 
tency, and as it adheres but feebly to polished metals, 
it is easily wrought and managed with iron tools.* 

*Mr. Brande, in a note to his Manual of Chemistry y observes : " All 
common glass, when reduced to a fine powder, is more or less acted 
on by boiling water, which separates the alkali, and its entire disinte- 
gration seems only to be prevented by the insolubility of the silica. 
Glass which ha^ long been exposed to the weather, frequently exhibiti 
a beautiful irridescent appearance, and is so far decayed, that it may 
be scratched with the nail. Several years ago, I examined some bot- 
tles of wine which had lain in a wet cellar, near the Bank, upwards 
of 150 years, having been deposited there (as circumstances proved) 
previous to the great fire of London in 1666. The glass was soft, and 
greatly corroded upon the surface, in consequence of the abstraction 
of its alkali. The wine appeared to have been Malaga and Claret; the 
latter had perished, but the former was still vinous." 
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It is a curious fact in the history of discovery, that 
the manufacture of glass is unknown at Sidon, diou^b 
this part of the country was once famous for the dis- 
covery of, as well as production of articles in, that mate- 
rial. The story of the discovery of glass by Phcenician 
mariners at Belus, near Sidon, in Syria, is mentioned 
by Phny. Dyeing, however, is still practised, though 
not with the same success as among the ancient Tyn- 
ans, who were descended from the builders of Sidon. 
The standard of Syria in arts and manufactures, is, in- 
deed, every where, much below that of the most back- 
ward nation in Europe. 

Why do all glass articles require to he carefully an- 
nealea, or suffered to cool very slowly ? 

Because they would otherwise be remarkably brittle, 
and apt to crack, and even fly into pieces upon the 
slightest touch of any hard substance. 

Why are plate-gUus windows superior to those of 
common glass ^ 

Because the two surfaces of common window-glass 
are not perfect planes, and not perfectly parallel to each 
other, as in the case of plate-glass ; whence objects 
seen through the former, appear generally more or less 
out of shape ; and hence comes the elegance and beauty 
of plate-glass windows ; and the singiSar distortion of 
thmgs viewed through that swelling or lump of glass 
which remains where the glass-blower's instrument 
was attached^ and which appears at the centre of cer- 
tain very coarse panes. 

The variation is also thus philosophically explained : 
" As it is the obliquity between the passing ray and the 
surface, which, in any case of reAtiction, determines 
the degree of bending, a body seen through a medium 
of irregular surface, appears distorted, according to 
the nature of that surface." — Jhmott. 

Why is plate-glass so expensive'^ 

Because of me difficulty of producing a perfect 
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plate, without specks, bubbles, or waves, and the risk 
of breakage. Rs manu&cture is as follows : 

The materials being fused, are poured upon a hot 
copper-plate; the mass is then rolled out, annealed, 
and afterwards polished by grinding with sand, emery, 
and colcothar. 

Previously to 1559 all the glass employed in mirrors 
was blown; when a Frenchman, named Thevart, dis- 
covered the art of canting it. The art of polishing it 
was invented by Riviere Dufresny. The French 
glass for the royal manufactories is now cast at Tour- 
laville, near Cherbourg, and at St (Jobin an ancient 
chateau near la Fere ; it is afterwards sent to Paris to 
be polished, silvered, and cut. Glasses are finished 
here to the value of nearly 600/. each, and are some- 
times 10 feet in height by 6k in width. 

The price of large-sized pier-glasses is within the 
reach of the most moderate incomes, and there is 
scarcely a family in France which does not possess 
one or two ; while, as we all know, they are rarely to 
be met with in England, except in expensively fur- 
nished houses. 

ffhy toas the black oxide of manganetfi formerly 
called glass soap ? 

Because it cleanses certain impurities, and e&pe- 
cially the green tinge which is apt to arise fi*om un- 
pure alkali. 

ffhy do giasS'Cutttrs use the point of a diamond for 
dividing and shaping their panes f 

Because diamond is the hardest of known substan- 
ces, and cuts or scratches every other body.^ — Amott, 

Glass can, however, only be cut by the natural 
point of the diamond. There are various other meth- 
ods of cutting glass, among which the fbUowing, 
from a French Journal, merits notice. 

If a tube, or goblet, or other round glass body is to 
be cut^ aline is to be marked with a guu-flint, having 
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a sharp angle, an agate, a diamond, or a file, exactly 
on the place where it is to be cut A lone thread, 
covered with sulphur, is then to be passed two or 
three times about the circular line, and is to be inflamed 
and burnt ; when the elass is well heated, some drops 
of cold water are to be thrown on to it, when the 
pieces will separate in an exact manner as if cut with 
scissors. It is by this means that glasses are cut cir- 
cular into thin bands, which may either be separated 
from, or repose upon, each other at pleasure, in the 
manner of a spring. 

Why is the white enamel in imitative gdd trinkets 
of such little value f 

Because it is merely glass rendered more or less 
milky or opaque, by the addition of oxide of tin ; it 
forms the basis of many of the coloured enamels, 
which are tinged with the metallic oxides. 

Why are leaden huUets let faU on glass cooled in the 
open air^ toUhoxU breaking it, whereas a few grains of 
sand also let fall on the gkiss toould break U into a thoU" 
9mid pieces^ 

Because the lead does not scratch the surface of 
the glass; while the sand, being sharp and angular, 
scratches it sufficiently to break it. 

Why are glass-house cinders^ or clinkers, employed 
in hydraulic mortar ? 

Eiecause they contribute to its rapid consolidation. 
This advantage was employed in the construction of 
the bridge or Louis XVI. at Paris, and in building 
the jetties and fort at Cherbourg. 



Why is common day of a brownish colour ? 
Because of the oxide of iron which it contains. 
Why is nickd prized by the French manufadvrers 
of porcelain ? 
Because its oxide affords thcra a very delicate grass- 
71* 



54 KNOWLEBOE FOR f HE PEOPLE. 

^reen, and like other metallic colours this bears the 
intense heat of their ovens without injury. A hya- 
cinthine coloiu- may be given to flint-glass by melting 
it with this oxide.— Parm. 

Jfhy is manganese serviceahle in (he artsf 

Because its oxides are used in preparing bleaching 
liquor ; in purifying glass, (for which purpose, accord- 
ing to Pliny, it was employed two thousand years ago); 
in glazing black earthenware ; and colouring porcelain 
enamels. 

Why are the Staffordshire potteries concluded to he 
of Roman origin ? 

Because evident remains of Roman potteries have 
been repeatedly discovered, at a considerable deptli 
below the present surface of the land. 

The better kinds of pottery, called in this country 
Staffordshire ware^ are made of an artificial mixture ot' 
alumina and silica; the former obtained in the fonii 
of a fine clay from Devonshire chiefly ; and the latter 
consisting of chert or flint, which is heated red hot, 
quenchfd in water, and tlien sitted to powder. Each 
material, carefully powdered and sifted, is diffused 
through water, mixed by measure, and brought to a 
due consistency by evaporation: it is then highly 
plastic, and formed upon the potters' wheel or lathe 
mto various circular vessels, or moulded into other 
forms, which, after having been dried in a warm 
room, are enclosed in baked clay cases, i*esembling 
bandboxes, and called seggars ; these ai-e ranged in the 
kiln, so as nearly to fill it, leaving only space enough 
for the fuel ; here the ware is kept red hot for a con- 
siderable time, and thus brought to. the state of bis- 
cuit. This is aflerwards glazed, which is done by dip 
ping the biscuit-ware into a tub containing a mixture 
of about 60 parts of litharge, 10 of clay, and 20 of 
gi'ound flint, diffused in water to a creamy consistence, 
«ad when taken out enough adheres to the piece tr 
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gire an unifonn gfcizing when again heated. The 
pieces are then agam packed up in the seggars, with 
BmaU bits of pottery interposed between each, and 
fixed in a kiln as before. The glazing mixture fuses 
at a very moderate heat, and gives an uniform glossy 
coating, which finishes the process, when it is intended 
for common white ware. 

The manufacture of Worcester porcelain is de- 
scribed as follows : The siliceous and other substances 
are fiY^ pulverized by an iron roller, which weighs 
upwards of two tons, and revolves in a groove not un- 
like that of a cider-mill ; after this they are calcined, 
and then ground at the water-mill, suflSciently fine to 
filter through sieves, through which no particle of 
greater dimensions than the 57,000th part of an inch 
can pass. The composition then, in its liquid state, 
is dried upon the slip kilns till it becomes of the con- 
sistency of clay, when it is taken to the throwing- 
T>om, where the ware is first formed ; and from thence 
♦o the store-room, in which it is placed to dry gradually, 
thus preparing it for turning and pressing. The arti- 
cles being applied to the latter are diminished in thick- 
ness about one half: the ware is then put into the first 
set of kilns, called Biscuit Kilns, in which it is burned 
nearly sixty hours. Having passed through these 
kilns, such pieces as have been war|)ed by too great 
heat, are reburned in the second. Aftfer this the articles 
are prepared for receiving their glazing, which accom- 
plished, they are a third time committed to the fii-e, — 
and when the glaze is sufficiently vitrified, they are 
taken out^ and when cool, receive their finest embel- 
lishment in the painting-room ; they are then, a fourth 
time, condemned to the furnace, for the purpose of in- 
corpoi-ating the gilding and the coloure with the glaze, 
after which they are burnished for the market. 

Why are the patterns upon ordinary porcelain chiefly 
in blue ? 

Because of the facility of applying cobalt These 
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patterns are generally printed off upon paper, which is 
applied to the plate or other article while in tlie state 
of biscuit, and adheres to the surface when beat is pro- 
perly applied. 

fVhy are gum-water and horax used in gilding porce- 
lain 9 

Because, upon the application of heat, the gum 
burns off, and the borax vitrifying upon the simace 
causes the gold firmly to adhere ; it is afterwards bur- 
nished. 

Why ought the materials for porcelain to be selected 
toith the greatest caution ? 

Because it is necessary that the compound should 
remain perfectly white after exposure to heat ; that it 
should endure a very high temperature without fiising, 
and at the same time acquire a semi-vitreous texture 
and a peculiar degree of translucency and toughness. 
These qualities are united in some of the oriental 
porcelain, or China, and in some of the old Dresden, 
but they are rarely found co-existent in that of modern 
European manufacture. Sevres and Worcester porce- 
lain is extremely white and translucent, but it is more 
apt to crack by sudden changes of temperatiu-e, more 
writtle, and, consequently, requires to be formed into 
thicker and heavier vessels; and more fusible than 
the finest porcelains of Japan and China. Painting 
on porcelain or in enamel is an art of great difficulty, 
and with every care there are frequent railures : hence 
the costliness of fine porcelain. 

The Sevres porcelain manufactory is in a^village of 
that name about two leagues from Paris. It was pur- 
chased by Louis XV. in 1759, and has since been the 
property of the French Government. Here was made 
a complete service for Louis XVL of which each plate 
cost 251. and in the Tuilleries is a Sevres vase which 
cost lOOOZ. In 1801, Brogniart, the distinguished 
geologist, was appointed director, and to his exertions 
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the establishment is principally indebted for its cele- 
brity since the Revolution. 

According to Professor Silliman, the porcelain of 
America bids fair to rival that of the old world. 
Speaking of a manufactory in Philadelphia, he says: 
"the porcelain is very beautiful in all the principal 
particulars : in symmetry of modelling, in purity of 
whiteness, in the characteristic translucence, in smooth-. 
ness and lustre, and in the delicacy and richness of the 
gilding and enamel painting. That it rivals the finest 
productions of Sevres itself, it is not necessary to as- 
sert; but it certainly gives every assurance, that if 
properly supported, it will not fail to meet every de- 
mand of utility and taste, which this great and grow- 
ing country, may present." The raw material is very 
abundant near Philadelphia, and in many other parts 
of the United States. 

Why is Wedgwood-ware so caUed9 

Because it was the invention, or rather improvement 
of Mr. Wedgwood, who, for that purpose brought mo- 
dellers from Italy and other parts of the Continent, 
and employed a competent chemist to superintend his 
experiments. By this means, he not only excluded 
the foreign manufacture from the market, but also 
supplied a large quantity for exportation, extending 
the business far beyond all former example. 

LINEN, COTTON, ETC. 

Why is linen believed to have been originally manu- 
fadured in Egypt 7 

Because of its frequent mention in the books of 
Moses, the most ancient of the Scriptural writers. The 
original Hebrew, not, however, specifying the sub- 
stance of which the cloth called in the version, linen, 
was formed, would be only slight evidence of the man- 
ufacture of flaxen cloth in Egypt at that period, were 
it not from thence that it was first obtained, and thence 
only that Europe was for a long time supplied with it. 
Mummies are also generally found swathed \sl\v(i^\sc\ 
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and, as the art of preserving bodies in that manner 
was practised in Egypt in the remotest ages, there can 
be no doubt.that hnen was made there at an sera of 
very greaf wpfaquity. 

IFhy dm 'me manufacture of linen make but litUe 
progress in turope during the middle ages? 

Because itVas confined, both then and for a long 
period afterwards, to private famiUes, w}iere the thread 
was spcnv^d the web was wove for domestic iise ; and 
its sc|^city as an article of ajmiirel, has been considered 
as one of the chief causes or the leprosy. Linen, in- 
deed, seems to have been earlier adopted as a luxury 
for the table than the person, and we read of its being 
used at banquets long before it was known as an arti- 
cle of dress. 

}f7iy is the newly invented IVench ^papier linge^ so 
called^ 

Because it consists of a paper made to resemble dam- 
ask and other linen so cleverly, that it is impossible, 
without examination, to detect the difference ; and 
even to the touch, the articles made from the papier 
linge are very much like linen, and are used for every 
purpose to which linen is apphcable, with the excep- 
tion, of course, of those in which strength and dura- 
bility are required. The price is-wi^row: a napkin 
costs only five or six centimes, (about a half-penny) and 
when they are dirty, they are taken back at half-price. 

Jfhif is it comectured thai fine India cottons Ufere 
used in ancient Home ? 

Because there was a regular commercial intercourse 
established through the medium of Egypt between 
Rome and India, the chief part of which was on the 
coast of Malabar, (which has been ever considered as 
the greatest manufacturing district of the East) where 
the art of weaving was practised at the remotest period 
of wnich we have ajpy account Mr. Gifford, in a note, 
to his translation or Jumenal, tells us, that the ^ aericm 
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V98U8 were what we call fine cottons, imported into 
Europe in Juvenal's time, as they were ages before, 
from India, through the country of the Seres, the mod- 
em Bochara:" and this is strongly corroborated in 
the Georgics of Virgil, which seem evidently to allude 
to the cotton plant : 

Of iEthioi^'s hoary trees and woolly wood, 
Let others tell: and how the Seres spin 
Their fleecy forests in a slender twine. 

Dryden^s Translation, 

Among the Greeks and Romans, spinning was the 
chief employment of the women : the rites of marriage 
directed their attention to it ; and the distaff and fleece 
were not only the emblems but the objects of the most 
important domestic duties of a wife. The machinery 
employed in weaving, though perhaps rude in its con- 
struction, was, in principle, similar to that still in use ; 
and. the process of fulling and preparing the cloth, 
|ei$ms to have resembled the modem practice in every 
r^t^kiticular point, except that of shearing the nap, with 
' which the ancients do not appear to have been ac- 
quainted. In early records we do not, however, read 
of cloth being measured, which appears to have arisen 
from a custom of weaving no more cloth in one piece 
than was sufficient to form a single dress. 

Muslins are to this day manuractured by the primi- 
tive loom in India, probably without alteration of the 
form in use during the earliest ages of its invention. 
It consists merely of two bamboo rollers, one for the 
warp, the other for the web, with a pair of geer, and 
the shuttle performs the office of the batton. This 
simple apparatus, the Indian weaver frequently erects 
under the shade of a tree. He digs a hole large enough 
to contain his legs, and the lower part of his geer ; he 
then stretches his warp, by fastening the rollers at due 
distances in the turf, and suspends the ballances of the 
ffeerfrom the spreading branches of the tree; two 
ibops beneath the geer, mto whicK he inserts his great 
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■ « ^ 

toes, serve Instead of treddles; and with his lona 
shuttle, he draws the weft, throws the warp, and 
afterwards closer it up to the web. The spinning » 
still |>erforined by the ancient operation of the distafi. 
— Beckmann, 

JVhf is woollen a less advantageous manufacture (han 
cotton ? 

Because wool undergoes great waste in the process 
of l>eing made into cloth, by scouring and shearing, 
which may be taken at one half, and the expense is 
greater, whilst cotton incurs no waste of importance. 
In 1819 the consumption of cotton in Great Britain 
was 4-28,500 bajrs ; in 1822, 550,800 ; in 1825, 615,940; 
in 1827, (m,{m ; and in 1828, 732,700 ; by which it 
a})poars that the consumption was nearly doubled 
wnthin ten years. 

The average fineness of cotton may be taken at twen- 
ty hanks to the pound ; and, as each hank is 840 yards, 
or nearly half a mile, ever\' pound is nearly ten miles; 
and the 'whole, about 400,000 miles, a^ produced in 
ai»out sixty-six working hours. In round numbers, this 
is COOO miles per hour, or 100 miles a minute. Every 
fibre passes through no less than ten sets of machinery ; 
hence the united spindles and tljreads travel through 
1000 miles a minute. The noise of their united fiic- 
tions and colHsions, and the united hum of thousands 
of little spindles, each revolving 4000 miles a minute, 
may therefore be accounted for. 

The estimated number of looms propelled by water 
and steam power, in the United Kingdom, is 58,000. 
The average produce, taking it at twenty- two square 
yards a day, makes 1,254,000, or 1,741 yards a min- 
ute ; weekly, 7,524,000 ; monthly, 31,300,000 ; yearly, 
376^00,000. Allowing six yards to each person for 
yearly consumption, will supply 62,700,000, and will 
cover 62,700 acres of ground, and in length would ex- 
tend 213,750 miles, and reach across the Atlantic Ocean 
seventy-one times. — Manchester Journal, 

Among the wonders of tliis branch of manu&cture 
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the following deserve mention. In 1745, a woman at 
East Dereham, in Norfolk, spun a single pound of wool 
into a thread of 84,000 yards in length, wanting only 
eighty yards of forty-eight English miles ; which, at 
that period, was considered as a circumstance of suffi- 
cient curiosity to merit a place in the records of the 
Royal Society. Since that time, however, a youn^ lady 
of Norwich has spun a pound of combed wool mto a 
thread of 168,000 yards, and she actually produced from 
the same weight of cotton a thread of 203,000 yards, 
equal to upwards of 115 English miles: — this last 
thread, if woven, would produce about twenty yards 
of yard-wide muslin. Even our yoimg readers may 
remember the eccentric triumph of Sir John Throg- 
morton, who sat down to dinner wearing a coat which 
had that morning been wool on the sheep's back. 
ffJiy is the spinning-frame superior to the jenny ^ 
Because, tliough the spimting-jenny invention, in 
1767, b y Hargreave8 ,_a carpenter, at Blackburn, in 
Lancashire, gave tiie means of spinning twenty or thirty 
threads at once, with no more labour than had been 
previously recjuired to spm a single thread, — the thread 
spun by the jenny could not be used except as weft, 
being destitute of the firmness or hardness required in 
the longitudinal threads or warp. Mr. Arkwnght sup' 
plied this deficiency by the invention of the spinning- 
frame, that wonderful piece of machinery, which spins 
a vast number of threads of any degree of fineness or 
hardness, leaving to man merely to feed the machine 
with cotton, and to join the threads when they happen 
to break. It is not difi^cult to understand the principle 
on which this machine is constructed, and the mode of 
its operation. It consists of two pairs of rollers, turned 
by means of machinery : the lower roller of each pair 
18 furrowed or fluted longitudinally, and the upper one 
is covered with leather ; to make them take a hold of 
the cotton. If there were only one pair of rollers, it is' 
clear that a carding of cotton, passed \afcts>?«fcTw ^^c«2k^ 
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would be drawn forward by the revolution of the rol* 
lers ; but it would merely undergo a certain degree of 
compression from their action. No sooner, however, 
has the carding, or rovingj as it is technically termed, 
began to pass through the first pair of rollers, than it 
is received by the second pair, which are made to re- 
volve with (as the case may be) three, four, or five times 
the velocity of the first pair. By tim adimirable con- 
trivance, the roving is drawn out into a thread of the 
desired desree of tenuity, a twist being given to it by 
the adaptation of the spindle bnd fly of the common flax- 
wheel to the machinery. Such is the principle on which 
Mr, Ark Wright constructed his famous spinning-fi^me. 
It is obvious that it is radically different from the pre- 
vious methods of spinning, either by the common hand- 
wheel or distaff*, or by the jenny, which is only a mo- 
dification of the common wheel. Spinning by rollers 
was an entirely original idea. Mr. Arkwright stated 
that he accidentally derived the first hint of his great 
invention fix)m seeing a red-hot iron bar elongated by 
being made to pass between rollers ; and though there 
is no mechanical analogy between that operation and 
the process of spinning, it is not difficult to imagine 
that by reflecting upon it, and placing the subject in 
different points of view, it might lead him to his in- 
vention.* — Ency. Brit* 

Why is the spinning mule so named f 

Because it is a compound of the machinery used in 
the hand-jenny and water-fiume. 

Why is cambric so caUedf 

Because it was first manufiictured at Cambray in 
France. 

* Mr. Arkwright's machine8,>on their first introduction, were reck- 
oned adverse to ttie interests of the worUiig-classes, and repeated 
attacks were made on the factories built for tSxan ; vet the result has 
shown the absurdity of these prejudices. It is donbtiul whether 30,000 
persons were employed in all the branches of the cotton manufacture 
at the above period; whereas, in consequence of those very inven- 
tions which the workmen endeavoured to destroy, there are now ap- 
wardB of 1,000,000 directly engaged in iU di/Terent departmeau 
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why may Rouen he considered the Manchester of 
France ? 

Because it is the great seat of the cotton manufac- 
tures, containing nearly 200 factories, employing from 
55 to 60,000 persons. The proximity oP Rouen to 
Havre-de-grace, tlie great American port, gives it the 
same advantage, in point of situation, as Manchester 
derives from being near Liverpool. 

ff^y dots netting differ from knitting f 

Because the first is performed by knotting into mesh- 
es that cannot be unravelled ; while the second is, by 
a certain arrangement of loops so connected with each 
other as to be highly elastic without separation, yet 
capable of being unravelled, and having the same 
thread applied to any other use. 

Why has it been cor^ectured that knit-stockings loere 
invejvted in Scotland^ 

Because the earliest account of this kind of knitting 
is traced in a patent granted in France to a ffuild of 
knitters, who chose St Fiacre, a Scotchman, for their 
patron. 

The introduction of knitting into this country, is 
however, involved in much controversy. Howell says 
that " Henry VIII. wore, ordinarily, cloth hose, except 
there came from Spain, by great chance, a pair of silk 
stockings. King Edwatd, his son, was presented with a 
pair of long Spanish silk Blockings, by Thomas Gresh- 
am, his merchant" But, that woollen stockings were 
not only in use, but perhaps knit in this country, dur- 
ing the reign of Henry VIII. seems placed beyond 
doubt by this authentic household record: — 

" isai. 05 H. 8. 7 Sept.— Peyd for 4 pevr of knytt-hose, viU s. 
" 1538. 30 H. 8. 3 Oct.— Two pcyr of knytthose, i s." 

The invention of the stocking-loom is thus recorded 
in the inscription to an old paintmgof one in the Stock- 
ing Weavers' Hall, London : — "In the year 1589, the in- 
genious William Lee, Master of Arts of St John's Col- 
lege, Cambridge, devised this profitable art for stock- 
o3 
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iDgs, (but being despised, went to France,) yet of iron 
to liiraself, but to us and others of gold : in memory of 
whom this is here painted." — Seven of Lee's workmen 
returned to England, and with another laid the foun- 
dation of the stoclmig manufactory in this country, 
where, m 1663, the masters were incorporated by let- 
ters-patent In their petition the machine is described 
as consisting of two thousand parts, and making, al- 
most instantaneously, two hundred mealies. 

The formation of the Sociefyof the Stocking at Ve- 
nice, in 1590, implied^.^ anti^t^^^^ the continent.* 

Why are ^rigok^luiie preferred for their superior 
warmth'^ • ' < 

Because they combine worsted and cotton in the 
closest intermixture of the fibre. The separate mate- 
rials are first passed throii^ a machine called a picker 
and blower, to clean and hghten the wool or cotton, so 
that half an ounce will fill a bushel measure. These 
are then carded togethei;, by which the intermixture is 
effected, part of each material being dyed blue and 
black. It is then spun of various fineness by throstles 
and mules. 

Why does the knitting of thrdod-lace differ from that 
of stockings^ 

Because, in making stockings, only one thread is 
employed, and that in one uniform way; whereas, 
lace is formed of as many threads as the pattern and 
breadth require. 

JVhy does lace exhibit varums patterns 9 

Because the pattern is drawn on a piece of parch- 
ment, and fastened to the cushion of a circular box 
with pins formed on purpose, which are stuck through 
it in various places, according to the design intended to 
be represented ; the requisite number of threads are 
then wound upon a small bobbin, one end being tied 
to each pin, and these are thrown over and under each 

* See Part ni. Obioiki and AvTi^uinsf, p. 57. 
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Other in various ways ; so that the threads twine round 
the pins, and thus form the multiplicity of holes or 
eyes which produce the desired figure. 

Why is some knit'ltice called point f 

Because it has been worked, or embroidered, with 
the needle: when formed of silk, it is called blonde. 

Why was cotton-lace fomierb/ in such disrepute 9 

Because the quality of lace depends on its transpa- 
rency, and at first, the meshes of cotton were encum- 
bered with loose fibres, which destroyed its clearness ; 
and to remove these, for some years appeared to be an 
insuperable difficulty. 

Why is lace ^ gassed f^ 

Because the flame of the gas may penetrate the 
meshes, and free them of these loose fibres, which is 
done without the smallest injury to the fabric. The 
apparatus of Mr. Hall, of Nottingham, for the purpose 
of gassing lace, is thus described : — He exposes the 
iace to a horizontal tube, provided with a series of 
orifices, through which ascends carburetted hydrogen 
gas, which, lighted at one end, takes fire through the 
entire lengths of the tube, making a delicate blue flame, 
about half-an-inch high. This is supported by the 
oxygen of the atmosphere ; but the oxygen is drawn to 
the flame by a cap, the whole length of the horizontal 
tube ; and the cap is exhausted by its connexion with 
an air-pump, of extraordinary dimensions, worked by 
machinery: hence a brisk current of air constantly 
passes over the inflamed hydrogen. At the same timcL 
stop-cocks and valves are so provided, as to regulaw 
both the emission of the hydrogen gas, and the ex- 
haustion of the gas above it. A similar tube, with 
orifices, and a cap, is laid at about a foot distance fi*om 
the other, and then by means of rollers on each side, 
die lace is carried through the two lines of flame, and 
being returned again, the operation is complete. The 
several machines, as well as the exhausting pumps, 
are worked by water power.— 5ir IL PfcCttvptf* Tww 
72* 
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BecaBse it wx; the produce of die original stocf, 
l^>cn which the whole of the Merino sheep now io ex- 
KQf oce have Uwd drawn. This was from a flock trans- 
Kwtifd mwu the Coteswold Hills in Gloocestershire, to 
Oascile, in 14d4. Until within these few years, the 
only nne wool known was die Spani^ wool, which, at 
that time, w;*^ suppfied to England, France, and the 
Xecberknd& lor their fine cloth inanuftctures. But 
the raTaces of war destroyed many flocks, and the 
original ^rstem of keeping the sheqp was lost, so that 
the wocJ has degenerated into a quality not worth more 
ihan ooe-thini of the same stock of sheep in Germany. 

9fkm ktts Smxmqf htc om u jo eeUbraUd far iit wool- 
tmikf 

Because the late King of Saxony, when Elector, 
intitiduced the breed of Merino ahe^ into Germany, 
which has since transferred the valuanle trade in fine 
wool, almost wholly from the Spanish to the German 
aoiL TfauiB^ Genuuiy realiied m 1829, thQ sum of 
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£5,199,934. by the growtli of wool, instead of the 
worthlesB hair produced upon the old indigenous sheep 
of the country, which was scarcely in sufficient quan- 
tity to supply the peasantry with worsted petticoats 
and stockmgs. Of the above quantity, there were im- 
ported into England, 23,110,8221b. of wool, which 
averaged at 1^. 6(L per pound, makes a return of 
£1,738,311. 13s, There is likewise a growing prospect 
of a supply of Merino wool, equal to the consumption 
of Great Britain, being produced from her two colo- 
nies of New South Wales and Van Dieman's Land. 

Why is foreign superior to British wool 9 

Because abroad the Wool is grown without seeking 
any other result than wool, — ^whereas, in England, the 
farmer sacrifices every advantage of quahty in the 
wool, to the necessity of exposing the sheep to incle- 
ment weather on the fallow land ; and to the produc- 
tion of a fine fat cjircass — both of which are incompa- 
tible with anything like excellence m the quality of the 
wool. If these motives did not exist, the sheep would 
then be kept /or Iheir wool ; but under so very difierent 
a mode of treatment, as to place it on a level with the 
Merino wool of Germany. 

English historians generally attribute the establish- 
ment of the woollen manufactures in this country to 
the reign of Edward III., but according to the Exche- 
quer records, there were several guild fraternities of 
weavers established here so early as the middle of 
the twelfth century. Beyond this, Gervase of Canter- 
bury, who wrote about the year 1203, says, when 
speaking of the inhabitants of Britain, that ^ the art 
of weaving seems to be a peculiar gift bestowed upon 
them by nature." 

Why is it ir^erred that the finest toool might be grown 
in England f 

Because in this country every circumstance attend- 
ing the breed and mode of keeping sheep, is ftvourablo 
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to a most extensive growth of wool ; as exposure to the 
changes of the atmosphere, and the extreme richness 
of their food, both tend to increase the weight of co- 
vering on the animals. The average weight of a fleece 
of the German Merino breed, is somewhere about 2^ 
to 3 pounds ; whilst that of a fat Leicester sheep is 
from 8 to 9 pounds. 

Li Russia, an instrument cal'ed a wool-raeasiue, 
has lately been invented, by aid of which, the breeders 
of sheep who desire to improve their stock, may choose, 
by the fineness of their wool, the best rams to breed 
from : they may even ascertainthe different degrees of 
the fineness of the wool, in dflbrent parts of the body 
of an animal, or if a single hair be of the same dia- 
meter throughout its whole length ; the measure being 
divided into one-hundred-thousandth part of an inch. 

Why does the. prosperity of the wool-trade in Francej 
depend on the exertions of the agriculturists to amelio- 
rate the quality ^ the fleeces ? 

Because the French government encourage the ex- 
clusive use of their own wool, by heavy duties on the 
raw material of other countries; and, accordingly, 
nearly four-fiflhs of the wool consumed in France is 
of native produce. 

Why was the woollen manufacture of France soprwh 
perous under Louis the Fourteenth ? 

Because Colbert, the famous minister of that day, 
persuaded the king to offer a bonus of 2,000 livres for 
each loom at work, and to permit the nobility to enter 
into manufacturing speculations without derogating 
from their rank. 

Whif does each country of the ecaih produce its otm 
peculiar wool or clothe 

Because every one has some breed of sheep or other, 
either indigenous to the climate, or naturalized by the 
inhabitants from some other part Of these there is 
an endless variety, each producing a different quality 
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of wool, from the extraordinarily fine Merino wool, 
grown in Silesia, down to the coarse, harsh, and bpttle 
clothing of the sheep in tropical climates. 

Why have the Gohelin manufactories become so cele- 
hrateaf 

Because they were originally established by Jean 
Gobelin, upon the river Bi^vre, near Paris, the water 
of which is considered very favourable to the process 
of dyeing. The femily of Gobelin were, however, only 
dyers, although their name became attached to the 
quarter in which they lived, and even to the above 
river. They soon becan^ rich, renounced their trade, 
and filled various ofiScerai the pubtic service. 

Why were the Gohelin tavestries so named '^ 

Because the successors or the Gobelins not only dyed 
wool, but made tapestries. Formerly works of this 
kind were confined to Flanders, where the celebrated 
tapestry after Raphael's Cartoons was executed ; but,, 
at present, there is no manufactory equal to that of the 
Grobelins. 

Why are the carpets of the Gobelins and the Savonne-- 
rie so highly prized f 

Because of the length of time required to perfect 
them ; sometimes five or six years. They are seldom 
valued at less than £200 or £300 each. The largest 
carpet ever made at Id Savonnerie, is probably that 
raanufactinred for the gallery of the Louvre. It consists 
of seventy-two pieces, and is more than 1,300 feet in 
length. 

In carpet weaving, the wool passes through seven- 
teen processes or sets of hands, to produce the warp. 
Thus, the fleece wool is sorted ; tnen scoured ; and 
combed by machine or hand. It is then run through a 
breaking frame and carding-engine ; thence it is carried 
to various drawing frames, to produce regularity in the 
combined fibres ; it is then made into a roving, and 
carried to the spinning-frame and made into mngie- 
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worsted; afterward* double; and then ready for 
scouring and dyeing, warping and weaving. 

Why are Coihmire shutbis so suecessfvUy manufM" 

Because the breed of the Thibet goats has been 
naturalized there ; and the French wpol supplies the 
place of the oriental so perfectly, that all smuggling 
from India is at an end. 

It is said that these shawls were brought into use 
by the officers of the army of Egypt after their return 
from the expedition so fatal- to the Mamelukes, from 
whom a large quantity was c^tured. The rage then 
began among the French lames for these beautiful 
articles, but flieir very high prices, as well as that of 
the wool of which they are made, prevented them 
for some time from being common. The raw materi- 
al is supplied by the goats which browse on the plains 
of Khirgiz, whence it is brought to Moscow for sale, 
and it is calculated that a pound of this genuine wool, 
which hardly suffices for the chain of a shawl, cannot 
be imported thence into France, washed, picked, and 
spun, for less than 150 francs, 6/. 5s. 

Why 18 bombazeen so called *} 

Because of its corruption from hombycina, the Latin 
name for stuf& composed of a mixture of silk and 
woollen ; and this term is from hombyxy silkworm, and 
SiruBy China. 

SILK. 

Why teas silk so little used amon^ the Romans ? 

Because the Roman authors were altogether igno- 
rant of its origin ; some supposing it to be grown on 
trees, as hair grows on animals, others that it was pro- 
duced by a small fish, similar to the mussel, which is 
known to throw out threads for the purpose of attaching 
itself to rocks ; others that it was the entrails of a sort 
of spider, which was fed for four years with paste, and 
then with the leaves of the green willow, till it burst 



with fat; and others that it was the produce of a worm 
which built nests of cFay add collected wax. 

Why is U said that we are indebted to the bigotry of 
former times for our present improved sUk manufac- 
tures'^ 

Because, in the year 1686, nearly 50,000 manufac- 
turers fled jfrom France, took refuge in England, in 
consequence of the revocation of the Indict of Nantz, 
by Louis XIV. who thus, as Pennant observes, sent 
tliousands of the most industrious of his subjects into 
this country, to present his bitterest enemies with the 
arts and manufactures of his kingdom: hence the 
origui of the sUk trade in Spitalnelds. It appears, 
however, that there was a company of silk women in 
England so early as the year 1455; but these were 
probably employed in needleworks of silk and thread. 
Italy supplied England and all other parts with the 
broad manufactories till 1489. In 1620 the broad 
manufkcture was introduced into this country ; and in 
1686 the company of silk-throwsters employed above 
40,000 persons. 

As a specimen of individual enterprise in this branch 
of manufacture, we must notice Sir Thomas Lombe, 
who, about the year 1724, erected in an island on the 
Berwent, near Derby, a curious mill for the manure- 
ture of silk, the model of which he had brought from 
Italy, at the hazard of his life. This macmne was 
deemed so important, that, at the expiration of Sir 
Thomas's patent, parliament voted him 14,000^ for 
the risk he had incurred, and the expense attending 
the completion of the machinery. This contained 
26,586 wheels; one water wheel moved the whole, 
and in a day and tiight it worked 318,504,960 yards 
of organized silk. Such, however, is the march of 
ingenuity, that Sir Thomas's famous machinery has 
not been used at Derby for some years, but improved 
machinery, which performs twice the work, in less 
room, is no^ adopted* 



